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SCOPE OF MANUAL

This manual is intended to provide the user of
the MEDIUM THERMO-VACUUM FACILITY, with
the necessary information and procedures to
operate and maintain the system.

This manual is to be used with the supporting
engineering data pack and catalogue library as
indexed in Section 6 of this manual.
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SECTION 1
PLANT DESCRIPTION

1. INTRODUCTION

This manual is intended to provide the user with the necessary detail and procedures to operate
and maintain the Medium Thermo-Vacuum Fagility.

The Medium Thermo-Vacuum Facility is described under the foliowing headings:

- Vacuum Vessel and Support System
- Thermal System

- Vacuum System

- Main Control and Data Acquisition

Where applicable, reference is made to design drawings, diagrams and component manuals. A
complete documentation reference index of all component manuals is provided in Section 6 of
the manual.

2. VACUUM VESSEL AND SUPPORT SYSTEM(S)

e g v
The vacuum vessel and doortpﬂey are shown in drawings VTFM-11000-122 and VTFM-6500-
122 respectively.

The vessel is constructed of 304 stainless steel and stands in the clean area of the facility. The
internal diameter of the vessel is 1,0m and the total length is 1,42m.

Penetrations are provided in the rear of the vessel for pipes feeding nitrogen to the shrouds.
Similarly the front has penetrations for nitrogen and for Dowtherm fluid, which feeds the thermal
plate.

Vacuum and instrument penetrations are provided on the circumference of the vessel.

The entire vessel is mounted on an aluminium table. An aluminium trolley (which runs on

inverted rails on the table) supports the vessel's door and allows it to be rolled away from the
vessel for the experiment to be removed or installed on the thermal plate.

3. THERMAL SYSTEM

3.1 GENERAL, DESCRIPTION

The thermal system comprises of two independent subsystems i.e. the Nitrogen thermal system
and the Dowtherm thermal system. These systems are described in more detail in the
paragraphs below:
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3.2 NITROGEN THERMAL SYSTEM

The nitrogen system comprises of the following main components as depicted in the P&|
diagram no VTFM-30000-05:

a) Thermal Generator (refer assembly drawing VTFM-30000-03)

- Nitrogen Injection Vessel (Cooling Unit)
- Heater Unit

- Gas Circulation Fan

- Flashing Chamber

- Top Manifold

- Gas Purge and Pressure Control System

b) Shrouds.

Each of these main components are described in the paragraphs below and an overview of the
operating modes are also given:

3.21 Thermal Generator
3.2.1.1 Nitrogen Injection Vessel (Cooler Unit)

The Nitrogen Injection Vessel is shown in drawing VTFM-31000-03. The unit is a pressure
vessel manufactured from stainless steel, with a stainless steel outer jacket, the cavity being
filled with polyurethane foam. Liquid nitrogen is injected by means of a lance through two
stainless steel nozzles. The nitrogen flow rate is controlled using a proportionally controlled
cryogenic needle valve.

3.2.1.2 Heater

The heater unit is shown in drawing VTFM-31500-03. The unit is a pressure vessel
manufactured from stainless steel, with a stainless steel outer jacket, the cavity being filled with
polyurethane foam. The heating elements are able to generate 8kW of energy and are
controlled by a thyristor drive.

3.2.1.3 Gas Circulation Fan

The circulation fan is shown in drawing VTFM-30500-03. This unit consists of a centrifugal fan,
with a water cooling system for the motor. The motor and fan are inside the pressure system.
The motor is a standard flanged mounted type, and the fan casing, shaft and impeller are
manufactured from stainless steel, with an outer jacket of stainless steel; the cavity being filled
with polyurethane foam. The water inlet to the cooling coil system is fitted with a solenoid valve,
and the outlet with a paddle switch . A thermocouple to monitor the electric motor temperature is
fitted on the motor casing and the sensing wire is routed through the main flange of the fan
pressure housing.. The fan speed is controlied using a variable speed drive.

3.2.1.4 Flashing Chamber

The flashing chamber is shown in the assembly drawing VTFM-31000-03 The liquid nitrogen
level in the vessel is controlled by measuring the liquid head with a differential pressure
transmitter, which operates the liquid nitrogen injection control valve. The valve is a cryogenic
needle type, with proportional control.
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3.2.1.5 Top Manifold

The top manifold is shown in the assembly drawing VTFM-30000-03. The unit is a 4 inch
stainless steel pipe with a stainiess steel outer jacket, the cavity being filled with polyurethane
foam. This unit is connected to the following

- The gas circulation fan
- The gas purge and pressure control system
- Two cryogenic ball valves, connected to the pipework leading from shroud outlets.

3.2.1.6 Gas Purge and Pressure Control System

This system consists of a number of valves on a stainless steel T-piece which is connected to
the top manifold. These valves are as follows:

- Pressure control valve - this is a proportionally controlled needle valve which is used to
maintain the thermal system pressure at a predetermined level.

- Manual valve - this is a manual ball valve which can be used to depressurize the thermal
system manually.

- Safety relief valve - this valve is set at 6,5 bars (gauge). This will open and maintain the
system pressure below safety limits in the unlikely event of a failure of the pressure
control system

3.2.2 Shrouds

There are three shrouds in the vessel and they are depicted in drawing no VTFM-10000-03. One
shroud is cylindrical and covers the length of the vessel. Two shrouds are disc shaped and
cover the front door and rear dome of the vessel. The cylindrical and rear shrouds are
interconnected with pipe work and form one integral unit. The shrouds are constructed of
stainless steel and provide for a working space of 0,7m inside diameter and length of 0,9m.

The shrouds consist of outer and inner stainless steel plates with a space in-between in which the
gaseous or liquid nitrogen is contained and circulated.

The G rear shroud unit is provided with four support lugs, two at the front end and two at
the rear end. The lugs in turn are supported by longitudinal rails which in turn are attached to the
vessel inside wall by brackets. Teflon bearings are attached to the support lugs to provide a
smooth movement when the shroud is inserted, removed or when it expands or contracts during
thermal cycling. The door shroud is attached to the door in such a way as to allow free thermal
expansion and contraction.

Nitrogen is applied to the shrouds through stainless steel feeder pipes. Small diameter stainless
steel pipes connect the shroud inner spaces to the feeder pipes.

3.3 DOWTHERM THERMAL SYSTEM

The dowtherm thermal system comprises of the following main components as depicted in the
assembly drawing no VTFM-70000-03:
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- Dowtherm Assembly
- Thermal plate.

Dowtherm fluid is circulated by means of pump P100 from a temperature control tank. The
temperature of the fluid in the tank is increased by electrical heater EH 100, powered by means
of a thyrister drive and controlled by a PLC. The temperature is lowered by injecting liquid
nitrogen into the liquid. Proportional control valve V115 admits the liquid nitrogen into the tank
and the gaseous nitrogen which forms, escapes at the top of the tank to atmosphere. Valve
V115 is controlied by a PLC. The stirrer S100 ensures that the Dowtherm J fluid does not
crystallise at liquid temperatures to as low as -80°. The Dowtherm system is schematically
presented in diagram no VTFM-30000-05.

In case the Dowtherm J-fluid has to be drained from the thermal plate and piping inside the
vessel, gaseous nitrogen is admitted by the connecting pipe provided for this purpose on the
downstream side of isolation valve V120 which, in such an event, is closed. An non-return valve
is fitted in the pipe line to prevent the pump from "blowing" empty.

The Dowtherm pipe penetrates the vessel through the door. The feed and return lines are
flexible and can move freely when the door is opened or closed. It is thus unnecessary to
uncouple these pipes during or prior to any operational mode. Flexible pipe sections are
provided inside the vessel to compensate for thermal expansion and contraction.

3.3.2 Thermal Plate

An aluminium thermal plate is provided inside the chamber onto which units under test can be
mounted. The plate is provided with internal channels through which the heat transfer fluid,
Dowtherm J, is circulated. Details of the thermal plate is depicted in drawing no VTFM-10035-
122,

The temperature of the thermal plate is controlled by controlling the temperature of the fluid.
The thermal plate provides for control between +80°C and -80°C with a transient rate of
2°C/minute. The temperature homogenity on the plate surface is smaller than 2°C during any
operational mode.

3.4 OPERATING MODES
3.4.1 General

The cryogenic fluid used is nitrogen, both in liquid and gaseous phases. There are two modes of
operation, namely:

1) Gaseous mode

Gaseous nitrogen at seven bars (absolute) is recirculated through the shrouds by
the gas circulation fan and the nitrogen gas is cooled or heated externally to the
test vessel by the cooler and heater units respectively. The shroud temperature
in this mode is controllable from 393 K to 123 K with a transient rate of 1.5°
K/minute.
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2) Liquid (flooded) mode

In this mode, liquid nitrogen is forced into the shrouds and removes the heat
from the shrouds by boiling at atmospheric pressure. This mode is "uncontrolled"
with shroud temperatures in the region of 785880 K.

The spreadsheets of the thermal systems "designed performances” can be found
in the Performance Specification document no: VTFM-00000-62/2.

3.4.2 Gaseous Mode

The system must initially be flushed with gaseous nitrogen (valve V121 and V127) to remove air
and water vapour from inside the thermal system pressure boundary.

In operation, the nitrogen gas is recirculated by the centrifugal fan (RF100) which has a variable
speed motor . To eliminate seal problems, the fan and motor are both encased in a pressure
vessel. The fan speed is controlled to ensure specified mean temperature difference across the
shrouds, (< 39 K at steady state, and< 7,5° K during transient).

The nitrogen stream is cooled by injecting liquid directly into the gas flow (Cu100), and heating
by electrical elements in the gas stream (HU100). The injectors and heaters are controlied by
measuring of the gas stream temperature before entering the shrouds. Flow through the
different shrouds can be balanced by valves V101 to V102.

3.4.3 Liquid Mode
The system is filled with liquid nitrogen from the bulk storage tank until the liquid covers the
shrouds completely. The level is maintained at a level inside the flushing chamber (through

valve V109). As the liquid boils, the gas is vented to atmosphere (through valve V/135).

In this mode of flooding, the shroud wall temperatures should stabilise at or lower than 88K.

3.5 THERMAL CONTROL AND INSTRUMENTATION SYSTEM

The control of the thermal system is achieved using a Telemecanique PLC in which a number of
dedicated PID loops reside. The thermal control may be broken down into the following sub-
sections:

3.5.1. FAN CONTROL.

The fan speed is a function derived directly from the temperature of the gas stream measured
below the heater unit HU100. The colder the gas the slower the fan will turn. The warmer the
gas, the faster the fan will turn.

3.5.2. HEATER AND COOLER CONTROL.

Both the heater and the cooler are controlled by dedicated PID loops. The required setpoint is
input to the PID loop and the process variable is selected from the probes attached to the
shrouds. When the system is heating, the system will select the highest temperature as the
process variable, and when the system is cooling, the system will select the lowest temperature.
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During a transient, the setpoint for the system is automatically increased at a rate of 1,5 degrees
per minute until the required system temperature is reached.

3.5.3 SHROUD CONTROL. gl rear aloiinicl] Lotl, fitled with o2 G)
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3.5.4 PRESSURE CONTROL. Y'°%"

A Pressure sensor PS100 is fitted to the system and the output of the transducer is input to a
Shimanden Loop Controller and to the PLC. The output of the loop controller is connected to
valve V106 the pressure control valve. When the system pressure approaches the setpoint level
(Approximately 7 Bar absolute) the loopcontroller will open valve V106 proportionally and thus
control the system pressure. If the system pressure rises above 7,5 bar absolute, the PLC will
automatically close the nitrogen inlet valve and open the drain valve to prevent over-
pressurisation.

3.5.5 FLASHING CHAMBER CONTROL.

A Pressure sensor PS101 is fitted to the flashing chamber and the output of the transducer is
input to a Shimanden Loop Controller and to the PLC. The output of the loop controller is
connected to valve V109 the flashing chamber inlet control valve. When the flashing chamber
level approaches the setpoint level (Approximately-2s water) the loop controller will
close valve V108 proportionally and thus control the flashing chamber level. \

200 = 300 mm
4, VACUUM SYSTEM
4.1 INTRODUCTION

Drawing VTFM-20000-05 depicts the schematic diagram of the vacuum system. The numbering
of the various components in the text is as per this drawing.

The vacuum system consists of two separate pumping modules, namely:

- Module One - "Fore-vacuum pumping" system
- Moduie Two - "High-vacuum pumping” system.

In the following paragraphs each of the modules and its related control system are described in
more detail.
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4.2 FORE-VACUUM PUMPING SYSTEM
This is a two-stage rotary pumping comprising of:

- One D40B two stage oil sealed rotary vane pump (P3). A complete technical description
of this pump is given in document VTFM-20000-128-01/1.

- One WSU 151 single stage Roots pump (P2). A complete technical description of this
pump is given in document VTFM-20000-128-02/1.

The fore-vacuum pumping system discharges through an oil exhaust filter (EF1) into the process
area.

The interconnection of the pumps is shown in drawing VTFM-20000-05, and as shown the
system is connected to the vacuum vessel through valve V3.

4.3 HIGH-VACUUM PUMPING SYSTEM

The high vacuum pumping system consists of:

- Atype RPK 1500 U3.cryogenic pump (P1) with a pumping speed of 1500.1/s Complete
technical descriptions of this pump with cold head, is given in documents VTFM-20000-128-
03/2.

~ A helium compressor unit (HC1), for the cryogenic refrigeration of the cold head. A
complete technical description of this unit is given in document VTFM-20000-128-03/2.

The discharge of this pump, during the regeneration cycle is through a sorption trap ST1 into the
suction side of the fore-vacuum system.

The cryogenic pump is connected through valve V1 to the vessel.

4.4 THE VACUUM CONTROL AND INSTRUMENTATION SYSTEM
441 General

A PLC is used for the remote control of the various modules and to capture data measured at
various points in the vacuum system.

4.4.2 Fore-vacuum pumping system

The fore-vacuum is measured by Pirani heads PH1 and PH2. These measuring heads read into
a Combitron 351 instrument. A complete technical description of the Combitron CM 351 is given
in document VTFM-20000-128-08/3.

4.4.3 High-vacuum Pumping System

4.4.3.1 Vacuum Measurement

A Pirani head PH1 as previously described and a Penning head (Thermovac) PEH1 are installed
directly onto the vessel. The Penning head is also read into the Combitron instrument.
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4.4.3.2 Vacuum Pump Control
@) Cryogenic pump temperature measurement.

The temperature of the cold head of the cryogenic pump is measured by a
Cryotherm low temperature instrument (LTI1). A technical description of this
instrument is given in document VTFM-20000-128-06/1.

(i) Cryogenic pump regeneration control

A regeneration heater control unit (RHC1) is used for supplying power to, and
controlling the electric regeneration heaters of the cryogenic pump. A technical
description of this unit is given in document VTFM-20000-128-05/1. The heaters
are installed directly at the refrlgeratlng surfaces of the cold heads
Regeneration |stc£ntrolled eitre

”"M% w.( T /*klea:é,'- contoel coeid -

4.4.4 Residual Gas Analyser

The Residual Gas Analyser (RGA) analyses the rarefied atmosphere in the vacuum vessel. &)
mstrumentw&sts of a sensor which functions only in the high vacuum envuronment‘and < '>‘ '0 "‘
electronic giresits which operatesthe sensor and display its output. The sensor analyses the

residual gases by ionising some of the gas molecules, separating the resulting ions according to

their respective masses, and measuring the quantity of ions at each mass. The masses of the

various ions/species (produced by the sensor) are used to identify the gas molecules from which

they were created; the magnitudes of these signals are used to determine the quantities of the

respective species.

The information produced by the RGA is an important aid in the efficient use of the high vacuum
system for example, indicating the presence of a leak or contaminant in the vacuum
atmosphere.

The measuring sensor consists of three parts, namely:

- The ion source (ionizer),

- the analyser (ion filter);

- and the ion detector.

The sensor is mounted on a flange which in turn is bolted to an access port at the rear vessel. -A
complete technical description of the RGA is given in document VTFO-20000-128-36/1 and 2.

5. MAIN CONTROL AND DATA ACQUISITION SYSTEM

5.1 GENERAL

In the description of the thermal and vacuum systems brief mention was made of PLC control.
This section provides a more detailed description of the PLC network which provides control and
data acquisition.

The following functions are supported by the PLC:

- Generation of discrete output signals
- Processing of discrete input signals
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- Flow control of coolant

-~ Control of PID loops

- Measurement of temperature

- Measurement of pressure (vacuum

The interface between the Main Control Panel and other sub-systems, are shown in the block
diagram 1 below:

EDB
i HOUWTEQ
MAIN CONTROL
INTERFACE
PANEEER CONTROL PANEL 2 THERMAL SYSTEM
MCP-2 ICP-2 CONTROL PANEL 2
TSCP-2
DOWTHERM
CONTROL PANEL
DCP

BLOCK DIAGRAM 1: CONTROL PANEL INTERFACE LAYOUT

5.2 SOFTWARE
5.21 Computer
The computer will be driven by a number of software packages namely:

OS/2:  This operating system will reside on the computer. This software is described in
document VTFO-40000-128-05/1 and 2.

X-tel (PL7.3):  This program will be used to program the PLC. It is important to note that the
PLC chosen allows on line changes to the program while the PLC is executing the program. This
facility must be distinguished from the feature where set points are altered. This software is
described in document VTFO-40000-128-17/1.
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5.3 HARDWARE

5.3.1 Programmable Logic Controller (PLC)

All the PLC cards are located in the PLC card frames. The following modules are located in the

card frames:

Power supply

Processor Module

Discrete Input Card

Discrete Output Card

Analog Input Module

LRX 100 Transmitters

The power supply supplies power to the cards located in the PLC
card frame. The power supply specifications are listed in the
TSX SUP 70 manual document VTFM-40000-128-10/1.

The PLC program is stored and executed by the processor
module type TSX 67-40. Installation and user instructions are
detailed in document VTFM-40000-128-06/1.

The discrete input lines are monitored and read by the 32
channel discrete input card type DET 32 12. Instaliation and
user instructions are detailed in document VTFM-40000-128-16/1
(TSX DET 32 12 32 input module pamphlet).

The discrete output lines are controlled by the 32 channel
discrete output card type DST 3292. Instaliation and user
instructions are detailed in document VTFM-40000-128-15/1
(TSX DST 3292 Interface Output Module pamphlet).

The analogue input signals are processed by the AEM 81 8
channel analogue input module. Installation and user
instructions are listed in document VTFM-40000-128-09/1 (TsSX
D23 001E Analogue input Module).

The PT 100 temperature signals are processed by the LRX 100
loop powered transmitters. The 4-20 mA signal is input to an
AEM 811 8 channel analogue input module. Installation and
user instructions are listed in document VTFM-40000-128-09/1
(TSX D23 001E Analogue Input Module).

ASR 402 Analogue Output Card Analogue signals are processed by the 4 channel ASR 402

Serial Communication Card

5.3.2 Computer

Computer

analogue output card. Installation and user instructions are listed
in document VTFM-40000-128-13/1 (TSX D23 001E Analogue
Input Module).

Serial communication signals are processed by the 2 channel
serial communication card SCM2011. Installation and user
instructions are listed in document VTFM-40000-128-07/1 (TSX
D43 724 and TSX D23 004E SCM Users Manuals)

The computer used is a 40MHz 386 with 8 megabytes of RAM,
one 102 megabyte hard disk, one 1,2 megabyte floppy drive and
one 1,44 megabyte stiffy drive The PC is used to program the
PLC. Document VTFM-40000-128-01/1 contains the owner
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Hard Disk Adapter

Graphics Adapter

Serial Mouse

manual and reference guides (386-25/33 AT Compatible Micro
computer Handbook volumes 1 and 2).

A high performance 16 bit ATA Floppy/Embedded Hard Disk
Adapter is located in the computer.

Document VTFM-40000-128-02/1 details the operating
instructions and aiso contains the reference guides).

A viewpoint NI VGA graphics adapter is located in the computer.

Document VTFM-40000-128-03/1 details the operating
instructions and also contains the reference guides (EV-633
Version 1.0).

A Microsoft Serial Mouse is connected to the serial port of the
computer. Document VTFM-40000-128-04/1 describes the
operations and installation of the serial mouse.,

5.3.3 Interface Control Panel

The interface control panel (ICP) is used to connect the PLC discrete signals to the system. The
unit functions primarily as a voltage interface and distribution unit. Signals received from the
PLC are fuse protected and then either fed directly to the system (24V DC) or control relays and
contactors from where the signals are fed to the system. Signals received from the system pass
through the ICP where they are fuse protected before being input by the PLC.

The main supply voltages for all the vacuum and thermal system components are switched,
isolated and protected via the ICP.

Doc. No.: VTFM-00000-128
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SECTION 2

SPECIFICATIONS

1. INTRODUCTION

This section provides the specification data for all major components of the Medium Thermo Vacuum
Facility.

The specifications of the vacuum system, vacuum vessel, thermal system and main control & data
acquisition system.

The specifications are given in these tables are for quick reference purposes of the systems, sub-
systems and components.

Please note that these tables are not compilete in referring to each and every sub-component, etc.,
but rather concentrate on the overall picture.

The tables are given in the following order:

1. Vacuum System

2. Vacuum Vessel and Pallet

3. Thermal System

4, Main Control and Data Acquisition System

Doc. No.: VTFO-00000-128 ISSUE: 1 Page 1 of 1
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SECTION 3
OPERATING INSTRUCTIONS

1. PREPARATION PRIOR TO OPERATION

1.1 GENERAL
When the Thermal-Vacuum System (TV-system) was completely switched off and the door was
in an open position for some time, this procedure must be followed prior to operation of the
system. One also assumes that the test equipment is already placed inside the test chamber,
and that all signal/control wires to the experiment are coupled and that electrical feed-throughs
are vacuum tested.

The pre-operational activities can be devided into "Test Chamber Preparation” and "Control
System Start-up".

1.2 TEST CHAMBER PREPARATION
1.2.1  Make sure that the test piece is locked inside the vessel.
1.2.2  Clean the door and vessel flanges thoroughly with Proponol.

1.2.3 Clean the O-Ring on the Vessel flange carefully with Proponol; make sure no solid
particies are collected on the O-Ring.

1.2.4 Unlock door securing pins and close the door, make sure the door and vessel flanges
meet correctly.

1.2.5  Use all four door clamps to clamp the door against the vessel flange.

WARNING: Once the vacuum inside the vessel is better than 200 m.bar.
(Pressure < 200 m.bar), the door clamps must be released .

1.3 CONTROL SYSTEM START-UP

The "Start-up" of the control system is done at the Main Control Panel (MCP-2). The detail
procedure is described in paragraph 7 of this section, "Medium System Operators Dialogue".

2. VACUUM SYSTEM

74
This paragraph describes the evacuation (pump-down, de-vacuation (turn-off) and regeneration £
(of cryopumps) procedures and instructions (See D & F diagram appendix 1). ror o
= = = ol é)//cuz -~
‘/‘/n, vb‘ .Z:S 7—
Doc. No.: VTFM-00000-128 ISSUE: 1 Page 1 of 46

RESTRICTED



RESTRICTED |m

21 EVACUATION

Once the test chamber is prepared and ready for evacuation, the pump-down sequence may
begin.

2.1.1 General Description of Evacuation Sequence.

The evacuation sequence/procedure can best be described by the flow diagram 1, "Evacuation
Control Logic Diagram".

2.1.2 Operators Instruction

Follow the evacuation steps as described in paragraph 7 of this section "Operators Dialogue".
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MANUAL
MODE?

NO

START
VACUUM?

CLOSE PERANIR’ CLOSE
VALVE 1 /< 10mB? VALV ///’
CLOSE REG
VALVE 2 74 F
! rd
! ® _—
CLOSE
VALVE 3 LTI YES OPEN
l < 70K? VALVE 1
CLOSE NO
VALVE 5
RETURN

OPEN
VALVE 2

g

OPEN
VALVE 3

7 -

PUMP 3
ON

!

PUMP 2
ON

!
g

CALL

RETURN

7 stagrT

| COMPRESSOR

&

Flow Diagram 1- Evacuation (Pump-down) Control Logic Diagram
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2.2

DE-VACUATION

When de-vacuation is required, the sequence detailed below should be followed.

2.21

General Description of De-vacuation Sequence

The de-vacuation sequence is a manual sequence that is initiated by the operator.

Before the de-vacuation sequence is started, both the thermal system and the dowtherm system
should be switched off, and at room temperature or higher to prevent condensation from forming
in the chamber and on the test piece.

Once the dowtherm and thermal system are off, the operator can stop the vacuum system as
described below:

2.2.2 Operators Instruction

2.3

*

‘0004‘>70K

Cgo > 390k @%06()

Vs Oéau«

Select 'STOP VACUUM SYSTEM' on main menu (F2)
Select VACUUM CONTROL MENUS' (F6)

Select 'STOP COMPRESSOR' if availablex (F1)
Select 'NEXT SCREEN' (F9)

Select 'CLOSE VALVE 1'if availablex (F1)
Select 'MAIN MENU' (F10)
Open needle valve V5 and ensure valve V7 is open < Jolp I’i 5 P}
Chamber will fill with Nitrogen v
Stop Compressor and Close Valve 1 will only appear if the compressor is running and
valve 1 is open.

REGENERATION OF CRYOPUMP

When the cryopump becomes saturated during a test cycle, the cryopump can be isolated from
the test chamber in order to be regenerated. This signs of saturation are observed by a rise in
the cold head temperature. If the cold head temperature > 20° K, the He compressor is
functioning normally and the pressure inside the test chamber rises steeply, one can assume
that the cryopump (cold head) is saturated.

2.31

General Description of Regeneration Sequenc‘e.

The regeneration sequence is described in Flow diagram 2 "Regeneration of Cryopumps; Logic
Control Diagram'".
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RESET YES OPEN
S SEN VALVE 1
REQUEST
] |
PERANI2 YES SET
<9*10-3 SETPOINT sTop YES RESET
mBAR? BIT REGEN REGEN
REQUEST? REQUEST
NO I
NO RESET
WATER
PRESENT BIT RETURN
|
YES
SETPOINT?
WATER?
REGEN OFF?
YES
COMPRESSOR COMPRESSOR
ON OFF
I I
LTI>22K? SET
PERANI2 REGEN
<5%10-6mB? REQUEST
I
REGEN
REGEN
COMMAND? e
N
REGEN CLOSE
OFF VALVE 1
PUMP2 OFF PUMP2 ON
PUMP3 OFF PUMP3 ON
COMPRESSOR VALVE2
ON OPEN
TOP
Flow Diagram 2 - Regeneration of the Cryopump Logic Flow Chart
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2.3.2 Operators Instruction

Follow the regeneration steps as described in paragraph 7.7.3 of this section "Operators
Dialogue™.

3 THERMAL SYSTEM

3.1 PURGE SYSTEM
3.1.1 General Description

This cycle is used to purge the thermal system of any impurities (e.g. moisture) with nitrogen gas
prior to start up. The purging cycle must be initiated in the following circumstances:

- If the system has not been in use for an extended period

- After any maintenance has been carried out, especially if such maintenance involved
opening of the thermal system.

- Any chance of getting air/moisture into the system.

Warning : Moisture in the system can cause ice blockages when
the system is operating at sub zero temperatures.

The purge cycle consists of three separate sub cycles. Each of these sub cycles purge a
different part of the thermal system. The purge cycle starts with an initial status set up for
certain components and valves. This is as follows:

COMPONENT
NO DESCRIPTION STATUS

RF 100 Fan Off

HU 100 Heater Off

V 106 Cooler Valve Closed
V 109 Flooding Valve Closed
V112 Exhaust/Pressure Control Valve Closed
V 126 & V123 Purge Valve Closed
V101 -V 102 Shroud Balance Valves Open (Pre-set)
V 103 Drain Valve Closed
V 135 Flashing Chamber Valve Closed
\V 128 Pressure Relieve Valve (hand) Closed
V129 Fan Purge Valve Closed

First sub cycle:

The first sub cycle purges the shrouds, the flashing chamber and all pipework between the
thermal generator and shrouds. This involves opening valves V135 (manually), V123 and V126
for 3 minutes. After 3 minutes close V123 and V126 first and then close V135 manually.

Doc. No.: VTFM-00000-128
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Second sub cycle:

The second sub cycle allows purging of the injection unit, heater unit and gas circulation fan.

This is done by opening of valves V 101, V 102 (manually) and open valve V112, V123 and <.}
V126. The second sub cycle lasts one minute after which valve W2 close. The system @
pressure is then allowed to build up to the required set point whereafter valves V123 and V126
are closed. Valves V101 and V102 have to manually reset to original "balance" position. J

Third sub cycle:

JAINREN NR

The feuwth sub cycle allows purging of the fan motor compartment, and is done manually by ™=
opening of valve V 129 for one minute. The system is now ready for operation.

K

£

Note: All above sub-cycles are "manually” initiated (electric C (o bro
valve) from the Main Control Panel) (MCP-2).

3.1.2 Detailed Instructions
In order to open valves V123 and V126 the following actions should be performed.

1. From the main menu select F7 ' THERMAL CONTROL MENUS' (Refer Figure 1, section
7).

2. From the Thermal System Manual Control 1 menu that appears, (Refer Figure 4, section
7) press F9 'NEXT SCREEN".

3. From the Thermal System Manual Control 2 menu (Refer Figure 5, section 7) select F3 -
'Open Valve 123' and F4 'Open Valve 126"

4, Remain at this menu until the system has been purged.
5. Once the system has purged select F3 'SHUT VALVE 123' and F4 'SHUT VALVE 126"

6. Press F10 to return to the main menu.

3.2  THERMAL CYCLE(S)

WARNING: COMPLETE PURGE CYCLE BEFORE PROCEEDING
WITH THERMAL CYCLE(S)

3.2.1 General Description
The thermal system has two basic modes of operation as follows:

Gaseous mode ("'Controlled")

Gaseous nitrogen at 7 bar (absolute) is circulated through the shrouds by the gas circulation fan
and can be heated or cooled in the heater and injection (cooler) units respectively. The cooler
and heater units are controlled by comparing a set point temperature with the average
temperature of gas entering the shrouds. The rear and cylindrical shrouds are factory balanced
with "welded-in" choke valves. This sub-assembly and the door shroud are balanced with
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manual valves V101 and V102 mounted in the feedback pipes from the shrouds. The shroud
temperature in this mode is controlled from 393 °K to 123 °K with a transient rate of 1.5
°K/minute average. It is also possible to hold the shrouds at a constant temperature at any point
within the range 393 K to 123 K for any length of time ("Soaking Period"). Thus it is possible to
program the system to follow a predetermined profile which may include any number of
transients and soaking periods. Paragraph 3.2.2 describes the basic program/sequence steps.
Paragraph 3.2.3 gives the detailed operators instructions for running the system in the automatic
mode.

Liquid (flooded) mode ("Uncontrolled")

Liquid nitrogen is gravity fed into the shrouds from the flashing chamber. The flashing chamber
is in turn fed with liquid nitrogen via valve V 109. The flashing chamber is allowed to fill and
gravity feed liquid nitrogen to the shrouds until the shrouds and connecting pipes are completely
filled with liquid nitrogen. During this mode valve V 135 is opened to vent gaseous nitrogen from
the flashing chamber . In the shrouds and connecting pipes, the liquid nitrogen is allowed to boil
off at atmospheric pressure. A differential pressure sensor facilitates the control of valve V 109
such that the level of liquid nitrogen is maintained in the system. The level has to be about at
1/3 of flashing chamber volume. This operating mode is uncontrolled in both the transient from
the gaseous mode to a flooded situation, as well as in the steady state flooded mode. During the
flooded mode the shroud temperatures are in the region of 78°K to 88°K. Paragraph 3.2.4
describes the basic program/sequence steps. Paragraph 3.2.5 gives the detail operators
instructions for running the system in the liquid mode. Refer flow diagram 3 for a detailed
description of the program sequence.

3.2.2 Gaseous Mode Program Steps

The basic steps of the automated program are as follows:

Note: This cycle is always preceded by a purge cycle. This
means the thermal system is already on "set" pressure
and valve status remains as per end of purge cycle.
Pressure control valve V112 is active.

- Open V101 & V102 (shroud balance control valves) to balance the flow rate.

- Depend on pre-programmed thermal profile (mask) the heater or cooler units will
become active to heat up or cool down the recirculation gas.

Note: » To follow transient profiles (AT/min) within acceptable
tolerances, both heater and cooler units are used in a
push-pull mode during a transient.

° The system is well interlocked to prevent undesirable scenarios.
See paragraph 4 for "Interlock conditions".

Warning:  When the cooler unit is functioning, mass (LNz) is
injected into the system. That means mass in the form of gas (GNz)
has to be released to keep mass/pressure balance inside the
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pressure boundary of the thermal system. If for instance the
exhaust/pressure control valve is stuck in a closed position, and LN-=
is still injected into the system, the pressure will build up and result
in blowdown of the safety valves. For this scenario, the cooler
injection valve V106 will be interlocked on high pressure signal.
(Valve V106 will close).

3.2.3 Gaseous Mode Detail Instruction

Before the thermal system will start, the following must be met:

1. Compressed air on.

2. Chilled water flowing.

3. System pressure > 4 bar (5 bar absolute).

4. Phrofiles must be present in the thermal setpoint menu. Refer section 7.5 as how to do
this.

Once the above conditions have been met, and the system is at high vacuum, the thermai
system may be started. In order to start the thermal system, select the main menu by pressing
the F10 key from any of the sub-menus.

1. Turn the key switch to the 'CONFIDENTIAL MODE'.
2. Press the F3 'START THERMAL SYSTEM' key.
3. Once the message 'STOP THERMAL SYSTEM' appears return the key switch to the

'NORMAL' position.

The thermal system will stop automatically when a given step has a setpoint time of 0 minutes
and setpoint value of 0 degrees.

The thermal system may be stopped at any given time by selecting F3 'STOP THERMAL
SYSTEM'+ from the main menu.

* This message will only be displayed if the thermal system is running.
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LIQUID

MODE? RETURN
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STOP
LIQUID?

CLOSE
VALVE 126
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VALVE 123
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SYSTEM
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Flow diagram 3

LIQUID MODE
FLOW DIAGRAM
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3.2.4 Liquid Mode - Basic Program/Sequence Steps & Philosophy

The basic steps of the automated program for the liquid mode are as follows:

Note: This cycle is always preceded by a automatic controlled gas
mode cycle, ended at an average system temperature of 1239
K (-150o C). All valve status as per gas mode operation:

Entry into liquid mode:

1. Switch heater unit (HU100) off. (Automatic)

2. Switch recirculation fan (RF100) off (Automatic)

3. Set system pressure to 0 bar, (1 Bar absolute), in thermal control panel. (Manuali)

4, Set flashing chamber level to 0 mm water. (Manual)

5. Keep V101 and V102 in preset position.

6. C/pﬁpin II/a(shing chamber valve V135. (Mar;al) b [ oo / mcorpecct!

7. Gpen hand valve V107 (Manual) f% /e Ju‘ vatos shile
8. Make sure drain valve V103 is closed. (Automatic) //—7 [b:: e S f‘

9. Close purge valves V123 and V126. (Automatic) —olo b,—gﬁf”

. Y
10. Close cooler unit spray valve V106 (Automatic) ¢ fack c /e

Note: The system is now ready to be flooded with liquid nitrogen.

11. Control the LN2 injection with flooding valve V109 by slowly increasing the level on the
flashing chamber level controller.

Note: The high set point level is reached when the level controller
meter indicates 1/3 level inside the flashing chamber,

(approximately 380 mm water).
200~-250

12. The system will remain in the liquid mode until the operator selects the "STOP LIQUID"
mode.

Note: The system will only start liquid mode once the system
pressure is lower than 1 bar (2 bar absolute)

3.2.5 Liquid Mode: Detail Operators Instruction

In order to engage liquid mode, the operator must enter a setpoint of -160°C or lower in the
chamber setpoint update menu, refer section 7,5, as how this may be done

/ 7 4
Qo Fo Fhomek #lowss ) \,/;,95/ Sylom il sfy bealic + A’
Ao W’ ot SL~"’J ?.2.4, Cg l \4'// Y,
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3.3 DRAIN CYCLE

3.3.1  General Description:

Most of the liquid is drained by gravity through the drain valve and collected in the boil-off vat
outside the building. The door shroud will not drain under gravity, but most of the LN, can be
pushed out of the shroud by purging with GN, .

3.3.2 Drain Cycle - Basic Program/Sequence Steps and Philosophy

The basic steps of the automated program are as follows:

Note: This cycle is always preceded by a liquid mode cycle. This
means that the system is filled with LNz and is near to
atmospheric pressure at initiation time of the drain cycle

Refer flow diagram 4 for a detailed description of the program sequence.

Warning:  Never close (override) exhaust valve V112 during the
drain cycle. Even with the drain valve open, a "too high"
the system may overpressurise.

Warning:  Before termination of the purge cycle to go into a
controlled gas mode, PT100C & PT100B must be >-140°
C (170K}
1331<
3.3.3 Drain Cycle Detail Operators Instruction.
1. Set flashing chamber level controller to 0 mm water. (Manual). T
2. Close inline valve feeding valve V109 (Manual hanq valve V107). ¥
3. Select "STOP LIQUID" on thermal mimic.
4. Open valves V123 and V126. (Automatic).
5. Close valve V109. (Automatic)
X l/ s

6. just . y . e e V]3¢

/idjus pressure control to 1.2 bar (2.2 Bar absolute) (Manuzﬂh C_Zo’-u‘ uu,éu 13 .
7. When system pressure reaches 1 bar (2 bar absolute) drain valve V103 will open.

B ¢ C

8. System will drain until averagetemperature > -140 Celcius, then drain valve V103 will

close.

1048 Liquid mode and Drain mode will restorgarbe displayed on thermal mimic, u~7/L
SYSTOH PEESSLEE 1S RBahrsce FO 4.5 BAR orp  ASO Ve
7
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w 7. Adjust system pressure to 5.5 bar (6.5 bar absolute).

11. Next profile step may be executed.

Note: The drain valve will only open once the system pressure is
higher than 1 bar. (2 Bar absolute).
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NO

STOP
LIQUID?
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CLOSE
VALVE 109
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CLOSE
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!

STOP LIQUID

STOP DRAIN RETURN
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FLOW DIAGRAM

Flow diagram 4.
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3.4 DOWTHERM SYSTEM

3.4.1 Dowtherm Description

The Dowtherm system is an open system comprising of a vessel housing the dowtherm liquid
which is may be cooled to -80 degrees centigrade and heated to +80 degrees centigrade 3. The
dowtherm vessel is connected to the test plate and dowtherm liquid is circulated through the test
plate by a pump.

Cooling of the dowtherm liquid is achieved by circulating a proportionally controlled amount of
liquid nitrogen through the dowtherm, and heating is achieved by an open heating element which
is powered by a proportionally controlled thyristor drive. An agitator is used to agitate the
dowtherm liguid to ensure even temperature distribution throughout the dowtherm vessel. In the
event that the outlet pipe formn the dowtherm vessel blocks, an over-pressure sensor fitted to the
vessel will switch off the pump.

3.4.2 Dowtherm System Detailed Instructions

Before starting the dowtherm system, ensure that hand valves V116, V118 and V120 are open.
Enter the required setpoints for the dowtherm system as described in section 7.4. From the main
menu select F4 "Start Dowtherm System”. The PLC will automatically start the dowtherm pump
and agitator, and open the nitrogen solenolid (Valve 115 cut off). When the dowtherm system is
running, the message "Stop Dowtherm System" will appear next to the F4 selection column on
the main menu. The two methods may be used to stop the dowtherm system :

1 Automatic

The dowtherm system will execute the profile values entered in the dowtherm
setpoint menu until the time period and setpoint values are both zero.

2) Manual

Pressing the F4 key on the main menu when the message "Stop Dowtherm
System" is displayed.

When the dowtherm stops, both the heater and the cooler are de-activated, the dowtherm pump
and agitator remain on. In order to turn the pump and agitator off, the operator must follow the
sequence described below:

(1) From the main menu, select F7 "Thermal Control Menus".
2) From the Thermal System Manual Control 1 menu select F1 "Stop Dowthermal
Pump™.

(3) Select F2 "Stop Dowthermal Stirrer"*,

* These messages will only be displayed if the components in question are
running.
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3.4.3 Purging the Dowtherm System

Purging of the dowtherm system is achieved by forcing gaseous nitrogen into the dowtherm
pipes connecting the dowtherm vessel to the test plate. Before purging the dowtherm system,
ensure that hand valves V119 and V120 are closed. From the Thermal System Manual Control
1 menu select F3 "Purge Dowtherm System". The system will now purge. When dowtherm can
no longer be observed flowing into the dowtherm vessel, the system has been purged. From the
Thermal System Manual Control 1 menu select F3 to stop the dowtherm purge sequence.

3.4.4 Draining the Dowtherm Vessel

Before draining the dowtherm system, first purge the system as described above. Once the
purge sequence has been completed, open hand valve V118 to drain the system

4 INTERLOCK CONDITIONS FOR MEDIUM THERMOVACUUM -
FACILITY IN AUTOMATIC OPERATING MODE.

Interlock conditions for medium thermovacuum facility.

! Component

Interlock

Action

Thermal heater:

System pressure < 4 Bar.

| Gas temperature > 140

Thermal heater off.

| Dowthermal heater:

degrees.
Liquid Mode. .
Fan off. |
" Thermal cooler: Liquid mode. Thermal cooler off.
Agitator off. Dowtherm heater off.

Temperature > 115 Celcius.

Thermal fan:

No flow at flow switch.
Fan temperature > 60
Celcius.

Fan off.

Dowthermal system:

Chilled water off.
Compressed air off.

System will reset.

Thermal system:

Chilled water off.
Compressed air off.

System will reset.

Vacuum system:

Chilled water off.
Compressed air off

System will reset.
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5 ALARMS FOR GASEOUS AND LIQUID MODES

ALARMS ACTION MODE
CHILL WATER FAIL THERMAL SYSTEM OFF AUTOMATIC
VACUUM SYSTEM OFF AUTOMATIC
DOWTHERM SYSTEM OFF | AUTOMATIC
COMPRESSED AIR THERMAL SYSTEM OFF AUTOMATIC
FAILURE
VACUUM SYSTEM OFF AUTOMATIC
DOWTHERM SYSTEM OFF | AUTOMATIC

PT100 FAILURE

NOTIFICATION ON MIMIC

AUTO & MANUAL

Vill OPEN & NO FLOW

ALARM

AUTO & MANUAL

ViIl FAILURE ALARM AUTO & MANUAL
COMPRESSOR FAILURE ALARM AUTO & MANUAL
PUMP 2 FAILURE ALARM AUTO & MANUAL
PUMP 3 FAILURE ALARM AUTO & MANUAL
V123 FAILURE ALARM AUTO & MANUAL
\V103 FAILURE ALARM AUTO & MANUAL
V112 FAILURE ALARM AUTO & MANUAL
V126 FAILURE ALARM AUTO & MANUAL
V1 FAILURE ALARM AUTO & MANUAL
V3 FAILURE ALARM AUTO & MANUAL

PERANI 1 FAILURE

INDICATION ON MIMIC

AUTO & MANUAL

PERAN!I 2 FAILURE

INDICATION ON MIMIC

AUTO & MANUAL

PENNING FAILURE

INDICATION ON MIMIC

AUTO & MANUAL

6 MANUAL MODE OPERATION.

Sections 7.2, 7.3 and 7.6 describe the functions that may be performed in manual mode.

7. OPERATORS DIALOGUE

7.1.  MAIN MENU DESCRIPTION.

Refer Figure 1.

The following are controlled directly from this menu:

FO1 Panic Abort. This will reset the PLC and all setpoint data previously stored will be lost.
Fo2 Start / Stop Vacuum system.
FO3 Start / Stop Thermal system if setpoint data has been entered.
Fo4 Start / Stop Dowtherm system if setpoint data has been entered.
Fo5 Manual / Automatic modes. This mode affects the PID operation only. The heaters and
coolers are controlled manually, system operation is not otherwise affected.
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The following sub-menus may be activated from the main menu:

F06. Manual control menus for the vacuum system.
FO7. Manual control menus for the thermal system.
F08. Dowtherm setpoint menu.

F09. Thermal setpoint menu.

F10.  PID control menu.

F11.  Vacuum mimic.

F12.  Thermal mimic.
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MEDIUM VACUUM SYSTEM
MAIN MENU OPTIONS

| F1-PANIC ABORT

F 2 - START VACUUM SYSTEM

F 3- START THERMAL SYSTEM

F 4 - START DOWTHERM SYSTEM
F 5 - ENGAGE MANUAL MODE

F 6 - VACUUM CONTROL MENUS
F 7 - THERMAL CONTROL MENUS
F 8 - DOWTHERM SETPIONT MENUS
F 9 - CHAMBER SETPOINT MENU
F10 - THERMAL PID MENU

F11 - VACUUM SYSTEM MIMIC
F12 - THERMAL SYSTEM MIMIC

NOTE: RED - CONFIDENTIAL MODE ONLY.

FIGURE 1
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7.2.

MANUAL VACUUM SYSTEM CONTROL MENUS.

The following devices may be activated from the manual vacuum control menu 1:

FO1
Fo2
Fo3
Fo4
FO5

Start/Stop compressor
Start/Stop pump 2
Start/Stop pump 3

Turn Sorption trap on/off
Turn spare contactor on/off

The following menus may be activated from the manual vacuum control menu 1, refer Figure 2.

F09.
F10.

Manual vacuum control menu 2.
Main menu

The following valves may be activated from the manual vacuum control menu 2:

FO1 Open/Close valve 1
F02 Open/Close valve 2
F03 Open/Close valve 3
Fo4 Open/Close valve 5
Doc. No.: VTFM-00000-128 ISSUE: 1 Page 20 of 46
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VACUUM SYSTEM MANUAL CONTROL

F1-START COMPRESSOR
F2-START PUMP 2
F3-START PUMP 3
F4-TURN ON ST1

F 5 - SPARE CONTACTOR ON
F 9 - NEXT SCREEN

F10 - MAIN MENU

PRESSING THE DESIRED FUNCTION
KEY WILL TOGGLE THE STATE OF
THE SELECTED BIT.

FIGURE 2

The following menus may be activated from the manual vacuum control menu 2, refer Figure 3.

F09. Manual vacuum control menu 1.
F10. Main menu

NOTE: When the vacuum system is running, the PLC will
automatically over-ride any selection made by the
operator. The control is passed to the operator when the
vacuum system is switched off.
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VACUUM SYSTEM MANUAL CONTROL 2

F 1-OPEN VALVE 1
F 2 - OPEN VALVE 2
F 3- OPEN VALVE 3
F 4 - OPEN VALVE 5
F 9 - NEXT SCREEN
F10 - MAIN MENU

PRESSING THE DESIRED FUNCTION
KEY WILL TOGGLE THE STATE OF
THE SELECTED BIT.

FIGURE 3
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7.3. MANUAL THERMAL SYSTEM CONTROL MENUS.

The following devices may be activated from the manual thermal control menu 1:
FO1 Start/Stop Dowtherm pump

F02 Start/Stop stirrer

F03 Start/Stop Dowtherm purge

F04 Open/Close Nitrogen solenoid for Dowtherm cooler.

The following menus may be activated from the manual thermal control menu 1, refer Figure 4.

F09. Manual thermal control menu 2.
F10. Main menu

THERMAL SYSTEM MANUAL CONTROL 1

F1-START DOWTHERMAL PUMP
F2-START DOWTHERMAL STIRRER
F 3 - PURGE DOWTHERMAL SYSTEM
F 4 - OPEN NITROGEN SOLENOID

F 9 - NEXT SCREEN

F10 - MAIN MENU

PRESSING THE DESIRED FUNCTION
KEY WILL TOGGLE THE STATE OF
THE SELECTED BIT.

FIGURE 4
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The following valves may be activated from the manual thermal control menu 2:

FO1 Open/Close valve 103
FO2 Open/Close valve 111
FO3 Open/Close valve 123
FOo4 Open/Close valve 126

The following menus may be activated from the manual thermal control menu 2, refer Figure 5.

F09. Manual thermal control menu 1.
F10. Main menu

NOTE: When the thermal system is running, the PLC will
automatically over-ride any selection made by the
operator. The control is passed to the operator when the
thermal system is switched off.
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THERMAL SYSTEM MANUAL CONTROL 2

F 1-OPEN VALVE 103
F 2 - OPEN VALVE 111
F 3 - OPEN VALVE 123
F 4 - OPEN VALVE 126
F 9 - NEXT SCREEN
F10 - MAIN MENU

PRESSING THE DESIRED FUNCTION
KEY WILL TOGGLE THE STATE OF
THE SELECTED BIT.

FIGURE 5

7.4. DOWTHERM SETPOINT MENU.
Refer Figure 6.

This menu is used to input setpoint data into the PLC for use by the Dowtherm system. The data
is displayed in three columns representing:
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DOWTHERMAL UPDATE MENU

Ty | o | Ve [ comen
MINUTES | MINUTES | MINUTES | F1 | \itres
DEGREES | DEGREES | DEGREES | F2 Sﬁfe%','g
NUMBER | NUMBER | NumBer | F3 | STACENO

F1TO ALTER STEADY STATE TIME
F2TO ALTER TEMPERATURE VALUE
F3TO SELECT NEW STATE NUMBER
F 4 TO WRITE DATA INTI PLC

F 5 TO INSERT DATA INTO TABLE

F10 MAIN MENU

FIGURE 6

7.41 Current Status Minutes

If the Dowtherm system is running, the steady state time for the active stage is displayed in the
Minutes column. If the Dowtherm system has reached the required steady state setpoint, the
time remaining is displayed in this column.

7.4.2 Current Status Degrees

This column displays the current setpoint of the Dowthermal system if it is running.

7.4.3 Current Status Number

This column displays the current stage number being executed. Data may only be inserted after
the number displayed in this column if it is to be executed in the current profile mask.

7.4.4 Default Value Minutes

This column displays the default time for a selected stage number. If the operator wishes to view
the data, the following sequence should be followed:

7.4.4.1 Press F3

7.4.4.2 Enter the required stage number in the Updated Value Number column.
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7.4.4.3 The default time will now appear in the Default Value Minutes column.
7.4.4.4 If the time displayed is zero, then no data had previously been enfered.
7.4.5 Default Value Degrees

This column displays the default setpoint for a selected stage number. If the operator wishes to
view the data, the following sequence should be followed:

7.4.5.1 Press F3

7.4.5.2 Enter the required stage number in the Updated Value Number column.
7.4.5.3 The default temperature will now appear in the Default Value Degrees column.
7.4.5.4 If the temperature displayed is zero, then no data had previously been entered.
7.4.6 Default Value Number

This column indicates the stage number pertinent to the data being displayed.

7.4.7 Updated Value Minutes

This is the steady stage time entry column. In order to enter a value, the following sequence
should be followed:

7.4.7.1 Press the F1 key. The minutes column should be highlighted.
7.4.7.2 Enter the time in minutes

7.4.7.3 Press Enter.

7.4.8 Updated Value Degrees

This is the steady stage setpoint entry column. In order to enter a value, the following sequence
should be followed:

7.4.8.1 Press the F2 key. The degrees column should be highlighted.
7.4.8.2 Enter the setpoint in degrees centigrade.

7.4.8.3 Press Enter.

7.4.9 Updated Value Number

This is the column where a steady stage number may be selected. In order to select a stage
number, the following sequence should be followed:

7.4.9.1 Press the F3 key. The number column should be highlighted.

7.4.9.2 Enter the required stage number.
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7.4.9.3 Press enter.

DOWTHERMAL UPDATE MENU

"staTus | VALUE | “VALue. | kv | comment
MINUTES | MINUTES | MINUTES | F1 Nm/'L’fT'I’E“S
DEGREES | DEGREES | DEGREES | F2 | SFIEONT
NUMBER | NUMBER | NUmBER | Fs | STAGENO

F1TO ALTER STEADY STATE TIME
F 2 TO ALTER TEMPERATURE VALUE
F 3TO SELECT NEW STATE NUMBER

F 4 TO WRITE DATA INTI PLC

F 5 TO INSERT DATA INTO TABLE

F10 MAIN MENU

7.4.10 Function Key Description.

F1
F2
F3
F4
F5

F10

FIGURE 6

Used to enter the steady state time values.

Used to enter the steady state temperature values.
Used to select a stage number.
Used to write the data into the PLC after the data has been entered.

Used to insert a step. Note that the step number inserted should be greater than the
value displayed in the Current Status Number column. Inserting a step number smaller

than the value displayed in this column will not be valid during the current profile.
Return to the main menu.

7.5. THERMAL SETPOINT MENU.

Refer Figure 7.

This menu is used to input setpoint data into the PLC for use by the thermal system. The data is

displayed in three columns representing:
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CHAMBER SETPOINT UPDATE MENU

T | o | e [ | comen
MINUTES | MINUTES | MINUTES | F1 | \wiNUTEs
DEGREES | DEGREES | DEGREES | F2 Sﬁ,Tg)e%','éT
NUMBER | NumBER | NumBer | F3 | STAGNC

F1TO ALTER STEADY STATE TIME

F 2 TO ALTER TEMPERATURE VALUE
F 3 TO SELECT NEW STATE NUMBER
F 4 TO WRITE DATA INTI PLC

F 5 TO INSERT DATA INTO TABLE

F10 MAIN MENU

FIGURE 7
7.5.1 Current Status Minutes
If the thermal system is running, the steady state time for the active stage is displayed in the
Minutes column. If the thermal system has reached the required steady state setpoint, the time
remaining is displayed in this column
7.56.2 Current Status Degrees
This column displays the current setpoint if the thermal system is running.

7.5.3 Current Status Number

This column displays the current stage number being executed. Data may only be inserted after
the number displayed in this column if it is to be executed in the current profile mask.

7.5.4 Default Value Minutes

This column displays the default time for a selected stage number. If the operator wishes to view
the data, the following sequence should be followed:

7.5.4.1 Press F3

7.5.4.2 Enter the required stage number in the Updated Value Number column.
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7.5.4.3 The default time will now appear in the Default Value Minutes column.
7.5.4.4 Ifthe time displayed is zero, then no data had previously been entered.
7.5.5 Default Value Degrees

his column displays the default setpoint for a selected stage number. If the operator wishes to
view the data, the following sequence should be followed:

7.5.5.1 Press F3

7.5.5.2 Enter the required stage number in the Updated Value Number column.
7.5.5.3 The default temperature will now appear in the Default Value Degrees column.
7.6.5.4 If the temperature displayed is zero, then no data had previously been entered.
7.5.6 Default Value Number

This column indicates the stage number pertinent to the data being displayed.

7.5.7 Updated Value Minutes

This is the steady stage time entry column. In order to enter a value, the following sequence
should be followed:

7.5.7.1 Press the F1 key. The minutes column should be highlighted.
7.5.7.2 Enter the time in minutes

7.5.7.3 Press Enter.
7.5.8 Updated Value Degrees

This is the steady stage setpoint entry column. In order to enter a value, the foliowing sequence
should be followed:

7.6.8.1 Press the FZ key. The degrees column should be highlighted.
7.5.8.2 Enter the setpoint in degrees centigrade.
7.5.8.3 Press Enter.

7.5.9 Updated Value Number

This is the column where a steady stage number may be selected. In order to select a stage
number, the following sequence should be followed:

7.5.9.1 Press the F3 key. The number column should be highlighted.

7.5.9.2 Enter the required stage number.
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7.5.9.3 Press enter.
7.5.10 Function Key Description.
F1 Used to enter the steady state time values.
F2 Used to enter the steady state temperature values.
F3 Used to select a stage number.
F4 Used to write the data into the PLC after the data has been entered.
F5 Used to insert a step. Note that the step number inserted should be greater than the

value displayed in the Current Status Number column. Inserting a step number smaller
than the value displayed in this column will not be valid during the current profile.

F10 Return to the main menu.

CHAMBER SETPOINT UPDATE MENU

g Il vl
MINUTES | MINUTES | minuTeEs | Fo1 | JIMEIN
DEGREES | DEGREES | DEGREES [ F2 | SEITONT
NUMBER | NUMBER | NumBer | F3 | STAGENO

F1TO ALTER STEADY STATE TIME
F2TO ALTER TEMPERATURE VALUE
F 3 TO SELECT NEW STATE NUMBER
F 4 TO WRITE DATA INTI PLC

F 5TO INSERT DATA INTO TABLE

F10 MAIN MENU

FIGURE 7
7.6. PID CONTROL MENU.
Refer Figure 8.
7.6.1 Purpose:
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The purpose of the PID control menus is to allow the operator to test the proportionally controlled
devices installed in the system. These menus may only be controlled if the system is in Manual
mode, however, the values output to the devices may be viewed in either the automatic or in the
manual modes.

The thermal system heater and the thermal system cooler may be controlled from the PID 1
control menu:

Press F1 to increment the output to the heater.

Press F2 to decrement the output to the heater.

Press F3 to increment the output to the cooler.

Press F4 to decrement the output to the cooler.

The value output will be displayed in percentage below the relevant bar graph.

PID CONTROL MENU

F 1-INCREMENT THERMAL HEATER
L e T e s

F 2 - DECREMENT THERMAL HEATER
VALUE:
F 3 - INCREMENT THERMAL COOLER

F 4 - DECREMENT THERMAL COOLER
VALUE:

F 9 - NEXT SCREEN

F10 - MAIN MENU

FIGURE 8

Doc. No.: VTFM-00000-128 ISSUE: 1 Page 32 of 46

RESTRICTED



RESTRICTED IST

The following menus may be activated from the PID 1 control menu refer Figure 8.

F09. PID 2 control menu.
F10. Main menu

The Dowthermal system heater and the Dowthermal system cooler may be controlled from the
PID 1 control menu:

Press F1 to increment the output to the Dowthermal heater.

Press F2 to decrement the output to the Dowthermal heater.

Press F3 to increment the output to the Dowthermal cooler.

Press F4 to decrement the output to the Dowthermal cooler.

The value output will be displayed in percentage below the relevant bar graph.

The following menus may be activated from the PID 2 control menu refer Figure 9.

F09. PID 1 control menu.
F10. Main menu
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PID CONTROL MENU

F1-INCREMENT THERMAL HEATER

F2-DECREMENT THERMAL HEATER
VALUE:
F 3 - INCREMENT THERMAL COOLER

F 4 - DECREMENT THERMAL COOLER
VALUE:

F 9 - NEXT SCREEN

F10 - MAIN MENU

FIGURE 9

7.7. VACUUM MIMIC.
7.7.1 Refer Figure 10.

The vacuum system mimic will indicate the current status of the valves and the pumps used in
the vacuum system. To obtain more information on the vacuum status and the cryopump
temperatures, the operator must press the F8 and F9 keys respectively, as indicated by the
mimic. Pressing the F10 key will return the operator to the main menu.
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VACUUM SYSTEM

F8 F8
DG1 8VS1 PH1 PE1

1232 1T2?

TS? (R T S5 L )
TP R
752 R RS Y

iiiiwu%g vent

P2 P3

~w-

)

V7 N2 GAS
F10 MAIN MENU

FIGURE 10

7.7.2  F08. Combitron menu. Refer Figure 11.

The Combitron menu displays the status of the two Perani heads and the Penning head. If one of
the measuring heads fails, a fail message will appear opposite the head in question. It is strongly
recommended that the Penning head be cleaned before each high vacuum cycle, failure to do so
may result in a failure during a cycle. Pressing the FO8 key will return the operator to the vacuum
mimic. Pressing the F10 key will return the operator to the main menu.
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VACUUM DISPLAY SCREEN
PERANI PRESSURE
HEAD 1 IN mBAR PASS
PERANI PRESSURE
HEAD 2 IN mBAR PASS
PENNING PRESSURE
HEAD 1 IN mBAR PASS
F 8 RETURN
F10 MAIN MENU
FIGURE 11

7.7.3 FO09. Cryopump menu. Refer Figure 12.

The cryopump menu displays the status and the temperature on the cold head of the cryopump.
If the sensor diode fails, "FAIL" will flash in the Kelvin area in the cryopump temperature box. If a
key is depressed on the low temperature instrument, "KYBD" will flash in the same area.

If the fan cooling water is flowing, "FLOW" will be displayed in the water status box. if the water
does not flow, "FAIL" will flash in the same area, the fan and the cryopump compressor will not
start

When the compressor is running, "RUN" will be displayed in compressor area. If the compressor
is not running or the cold head is being regenerated, "STOP" will be displayed.

When the cold head is not being regenerated, "OFF" will be displayed in the Regeneration Status
and Time area. If the system is at high vacuum, and the cold head temperature rises above 22
Kelvin, "REGEN" will be displayed. If the cold head is being regenerated, the time remaining for
the regeneration sequence will be displayed.

In order to start the regeneration sequence, the operator must press the FO1 key. "RUN" will
appear in the regenerator box. Pressing the F01 key at any time before the regeneration period
is over (30 Minutes) the regeneration will stop, and the cryopump compressor will restart.

Pressing F09 will return the operator to the vacuum mimic. Pressing F10 will return the operator
to the main menu.
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KELVIN
123
DEGREES C
123

CRYOPUMP
TEMPERATURE

WATER STATUS

F9 RETURN
F10 MAIN MENU

CRYOGENIC CONTROL MENU

COMPRESSOR

REGENERATION
STATUS+TIME

CRYOPUMP
TEMPERATURE

REGENERATOR

F1TO TOGGLE

FIGURE 12
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7.8.

THERMAL MIMIC.

Refer Figure 13.

The thermal mimic indicates the status of the active components used in the thermal system.
The components which have independent mimics for more detailed information are:

Fo6
Fo6
Fo6
Fo7
FO7
F08
Fo8
F09
F11

Thermal system heater output.
Thermal system cooler output.
Thermal system gas temperature.
Fan motor temperature.

Thermal system fan output.
Dowthermal heater output.
Dowthermal cooler output.
Shroud temperatures.
Dowthermal temperatures.

The following menus may be activated from the thermal menu:

F01 Skip Step. Selecting this function will force the system to execute the next profile step.
F02 Stop liquid mode. Selecting this function, stops the liquid mode.
F10.  Main menu. Selecting this function will transfer the operator to the main menu.
AP g-q
Vii4 V113 V126
—F— 7T
V111 é_g % -
V112 V123
—A—
v101 X %ﬂ V102
DPZI o V115
CHAMBER -8
V109 e asH| A N R
V120 V118
V106
— HEAT —{cooL | K
F6 Fo M
F 1 SKIP STEP
F 2 STOP LIQUID
F10 MAIN MENU
FIGURE 13
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7.8.1 FO06. Chamber thermal status
Refer Figure 14.

The following information is displayed:
Gas temperature
Current setpoint, this is the moving setpoint that increments by 1.5 degrees per minute.
Final setpoint, this is the steady state setpoint that the system will stabilise at.
Percentage cooler output.
Percentage heater output.

Selecting FO1 will force the system to execute the next thermal profile step.
Selecting FO6 will return the operator to the thermal mimic.
Selecting F10 will return the operator to the main menu.
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FIGURE 14

CHAMBER THERMAL STATUS
SRR

200 = C 200 GASTEMP
R s o i T

200 = C 200 CapsoNT
NSRS

200 = C 200  cpyer
AT TR R

0 - % 100 G0y
R i B P

TE

0 = % 10 outpoY
REMAINING TIME
F 1 SKIP STEP
F 6 RETURN
F10 MAIN MENU
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7.8.2 FO07. Shroud thermal system. Refer Figure 15.

The following information is displayed:

The average shroud temperature, measured across all the shrouds.
The inlet temperature measured on the inlet of shroud 2.

The outlet temperature measured on the outlet of shroud 2.

The fan motor temperature measured on the fan motor.
Percentage cooler output as calculated by the PLC.

Selecting FO7 will return the operator to the thermal mimic.
Selecting F10 will return the operator to the main menu.

SHROUD THERMAL SYSTEM

-200 C 200 AVERAGE TEMP

-200 C 200 INLET TEMP

-200 C 200 OUTLET TEMP

0 = C 100 MOTOR TEMP

% 100 FAN OUTPUT

o
Il

F 7 RETURN
F10 MAIN MENU

FIGURE 15
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7.8.3 FO08. Dowthermal status
Refer Figure 16.
The following information is displayed:

The average dowtherm temperature, measured on the test plate and in the dowtherm
fiquid.

Current setpoint, this is the moving setpoint that increments by 1.5 degrees per minute.
Final setpoint, this is the steady state setpoint that the system will stabilise at.
Percentage cooler output to the dowtherm system.

Percentage heater output to the dowtherm system

Selecting FO1 will force the system to execute the next dowthermal profile step.
Selecting F08 will return the operator to the thermal mimic
Selecting F10 will return the operator to the main menu.
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DOWTHERMAL STATUS

200 = C 200 AT
200 = C 200 CapmSNT
g Y
0~ % 10 SirpyT
P e SR HEATER

0 % 1000 outpuT
REMAINING TIME

F 1 SKIP STEP
F 8 RETURN
F10 MAIN MENU

FIGURE 16

7.8.4 F09. Shroud temperatures.
Refer Figure 17.
The following information is displayed:

PT A The temperature measured on the door shroud.

PT B The temperature measured on the outlet of shroud 2.
PT C The temperature measured on the inlet of shroud 2.
PT D The temperature measured on the rear shroud.
Average, an average of all four shrouds.
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Selecting FO9 will return the operator to the thermal mimic.
Selecting F10 will return the operator to the main menu.

SHROUD TEMPERATURES

F9-RETURN
F10 - MAIN MENU

FIGURE 17
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7.8.5 F11. Dowthermal temperatures.
Refer Figure 18.

The following information is displayed:

PT E The temperature measured on the loose user probe.
PT F The temperature measured on the dowthermal plate.

Dowtherm The temperature of the dowtherm liquid.
Fan The temperature measured on the fan motor.
Average, an average of PT F and the Dowtherm liquid.

Selecting F11 will return the operator to the thermal mimic.
Selecting F10 will return the operator to the main menu.
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SHROUD TEMPERATURES

GE

F9-RETURN
F10 - MAIN MENU
—d
FIGURE 18
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SECTION 4

MAINTENANCE INSTRUCTIONS FOR THE MEDIUM THERMO-VACUUM
FACILITY

1. INTRODUCTION

The maintenance requirements for the Vacuum System, Thermal System and Control System are
given in the tables included in this paragraph.

The tables prescribe the required routine/preventative measures to be taken to maintain the system
operatable. Guidelines are also given for breakdown repair. Detail instructions to follow are
available in the refered documents/catalogues. Simple and logic maintenance actions like checking
a valve operation etc, are not supported by detail instructions

Note: The descriptions given in the tables ask for "what" to do and not "how" to do.
The "How" to do are given in the refered documents/catalogues. This
maintenance instructions cover only the maintenance prescriptions of the
Major Functional Components and sub-components of the system.

Maintenance intervals (time in hours, months, years, etc) refer to actual operating time. When the
system is not in operation for long periods, certain maintenance is also required.

Where maintenance time intervals (hours, months, years, etc.) are not given direct or indirect,

symtoms will indicate when necessary maintenance/repair is required. The catalogues often refers to
such symtoms.

Warning: The client is responsible to keep his own appropriate logbook(s) of
individual components, systems, sub-systems, etc.

The Maintenance Instructions are given in the following tables:

1. Table A : VTFM - Maintenance Descriptions for the Vacuum System

2. Table B . VTFM - Maintenance Descriptions for the Thermal System

3. Table C . VTFM - Maintenance Descriptions for the Control System
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RESTRICTED II“!

SECTION 5

TROUBLE SHOOTING

1. INTRODUCTION

This section provides information for the identification and solution of all major failures experienced
on the medium thermo-vacuum facility.

The failure symptom or problem, actual failure or fault, detection method, probable cause and
solution to the failure or fault is given in the tables hereto.

The tables are given in the following order:

1. Vacuum System

2. Thermal System

3. Main Control and Data Acquisition System

4. Dowtherm System

Doc. No.: VTFM-00000-128 ISSUE: 1 Page 1 of 1

RESTRICTED
File: VTFM SHO.DOC



a3Loisay
20d' 1YL W4LA :ou 8y

0G jo | :abed I :ANsSsSI 82-00000-IN41AN :ou 20Q
(e}) Jos Jos (Bunyiom
-sa.dwoo wnlsy -saldwoo wnijay Jes dojs) aunjiey
joainjieyorualey - gL pebewep/usyolg - aL Aq Buisues oipny - g’ [peay ploo aiusbolin al
Aessaosu
3 Jideal ‘[eubis jeubis
[0JJU0D Yo'y - jojuoo Ayne4 -
Aessaoau
J niedau ‘reubls ainjiey)
[oJjuoo yoayny - Jamod |esl1oe|g - Buisuas olpny -
Alessaoau

J1 2401884 ‘A|lddns
lslem oy -

a|paau
sinoy ¢ Jaye (uonoeloud abneb ainssaid
Josal ojjewony - 4198) 1eaulanQ - aH ,Buirow-op, -
Jossaidwoo
wniay Jayjo Aue 108 abneb
ypm duwind-of1o -saldwoo wnjay ainssald uo
pol0gyle 108UU0) - pabewep/uanolg - ainssald saq mo -
Bunjom dois -
Jos peay psads Buidwind mojs - NNNDOVA
sonboj -saJdwoo j1jal pue dwind-o/19 Jo J0ssaidwioo HOIH
-B1BD 0} I8y Jledas jes|jo030Q - e} Jes| wnljeH - el | eosuwaimelodwa] - Bl wnifay o ainjied el 4088071 L
SAONIYI4TY PNeENEN] S3SNVO QOHL3IN 1Inv4 NOLdINAS
/SHHVYINTY /NOILNTOS 37ava0dd /NOILO313a /AYNTIV4 /ANTT190¥d

W3LSAS NNNJOVA

ALITIOV4 WNNOVYA-OIWYIHL WNIAIW FHL ¥Od 1SIT ONILOOHS 3719N0¥L
a3aLoidLs3y



d3Lo11s3y

200 1YL WALA

:ou 314

0G jo 7 :abed L 3Anssli 8¢-00000-N41A :ou20(Q
ybnouyy
-pea} |BOLIO9|S Jea| ybnoiyy
aAl98)ap aoe|dey -pes) |Bou09|g -
salnjiey
Jay10 }JO suo 00}
anbije} [einjonng - anp jou si ainjie}
abewep |einjonss J1 B8] wnnoea
10 eo| Jieday uado s)ea) jusie] - Jjo uondwnssy -
Aynd ypm
pajeas Ajjesod
-8} ag ueo sjeas
aAljDayag :3I0N YOy buisn
‘s|eas yesjuonisod (padojanap)
9AN00Jop sok|day Pl sjeas Bupjea - Pl -woosebpeeg - Pl e8] WNNoBA Pl
Jle pessaud
-Wwo09 a10)s9y Jte passaldwos oN - shjejs
SA|BA JO Yoayo
[eubis |eoisAydjiensip -
[0J]U0D 810)SaY [euBis [oJju0o ON -
Joued (Buiyoums anjea
sonboj AAJBA AA|BA [0J3U0D Lo sn) pajoadxaun) ainjie)
-BJeo 0] J2Joy uayo.g Jieday 2] pabewepsuayolg - 2'1 -BJS BAJBANOOYD - 07| (s)anjen uone|osy 271
uelolu
-4oa | payllenb Aq
Jredal Jo ‘lredai Joy 1eay p|o2 alny
Jo1|ddns 01 uinjoy psbewep;uayolg - -eladway ur asry -
S3IONIYI4TY AQ3INTA sS3sSNVvI AOHL13N 17nv4 NOLdINAS
/SHAUVINTY /NOILNT10S 379va0idd /NOI123133d /AdNTiv4d /NI190¥d

W3LSAS WNNOVA

a3 LoidLs3ay

ALITIOVd WNNDVA-OIWYIHL WNIA3IW IHL Y04 1S1T ONIJOOHS 319n0d L



a3101dLs3ay

200’141 N41A :ou 84

0S jo ¢ :abed L :3NSSI 8¢-00000-IN4LA ‘oud0Q
woisAs 9d weshs o1d
uo Jous Ayjoey - Uo Jolle a1eMyos -
usw (uosnqwon)
-NJJSuUl WNN9eA JuswnJsul
aoedeymeday - wnnoeA A}ne4 -
so|qeo lledey - s9|qeo pabeweq -
pesy
Buisuss Buiuuag peay bBuisuas
aoe|dayiedoy - Buiuuad Ayne4 - Buipeal oeA0ISIA
yum Buipesi
peay peay Buisues wnnoea Buiu ainjie) WalsAs usw
Buluuad aolaleg - 'L Buluuad Auiq - 1L -uod ajedwony - 'L -2JNSeaW Wnhhoep 'L
Buoj
00} Jo} ainssald
ybiy oo} 1 eetado -
Alleniul asl alnjel
alnssaid ybiy ooy ~adwa} Jesy p|oo
sdwndoAip B 1B U0 payoums - abels puoosg -
dwndoAfip
Jo ,uonelsu
-afey, ainpeo
-0Jd Jog [lenuew alnpaosoud 188]
siyy ul ydesb uonels UONBINIES YlIM poje.
-eled 0} jojoy -auebal Ag ues|ny - oL | uonepwl Auoeden - o'l @ouEplodOBISe] - 9] -nies dwnd-0f19 9l
SADNIUAATY AQ3INTY S3ASNVI AOHL3IN 1nv4d NOLldNAS
/SHUVINTY /NOILNT0S J19va0dd /NOI10313a /A¥NIvd /NIT150¥d

W3LSAS NNNOVA

ALITIOVHd NNNOVA-OIWHEAHL ANIAIN FHL ¥04 LSIT ONLLOOHS 3719N0¥d1
a3.10-HLs3y



d3Loidls3ay
00Q'I¥L N4LIA :ou ajid

05 Jo0 v :abed L:anssi 82-00000-W41LA :ou3d0Q

(Auanoe

|e1oads) ainp
-9%04d Bulues|o
UlIM 90UEPICOOR Ul
spesay p|oo ues|d

uoilelsuabal Aq
speay pjoo ues|n

unljsy
ueso yum soeldey

ainjiej
peay p|oo olush
-0A1Q (d)1 0} Jojey

speay
pjoo paleuiWEIN0D

sasneo Jay)o
10 UoU JI wniay
palBuIWEBIIO)

(enoqge (a)L 0}
Jajal) aun|ie} peay
p1od olusbolin

(speay
ploo dwndoAio
uo salnjeladwal

(M-S | UeY} Jamo] MO| 8A8IYoE 0] B[ge NNNOVA
anoqe (B)| JoS anoge (e)L 01 2q 01) speay -un) wejsAs dwnd HOIH
-saidwod wnjjay Jajal) Jossaiduioo plo92 jo ain} wnnoeA ybiy Jo IATIHOY
10 aJnjie} 0} 1ajoy eg wnljay Jo ainje4 - ez -ejodwalosyy - ez | eouewldouad Jepupn ez | Ol 31gvyNn
pajelauabal sl
dwndo/io uaym
nun dwndsaJoy
40 18]1n0 1B wisy)
uado -moQ Bulpwg -
abewep jeinonns S)ED| [BINONIS -
10 yes| Jiedas [9A9] yea| (wisy}
pue ajendeAs( 61 uado syea| sie - 671 wisymoq Moayo - 61 |-moQ) a1e|d [lewey | 61
SERNENEEE R Ad3INTY SaASNVYO QOHL3IN 1nvd NOLJINAS
/SHUVINTN /NOILNTOS I7avaodd /NOILJ313a /AANNVA /NFT190¥d

WILSAS NNNOVA

ALITIOVd NNNOVA-OWYIHL WNIA3W IHL Y04 1SI1T ONILOOHS 319n0dL

a3aLoRLsay




0S Jo ¢ :abed

a31oly1s3y

} :3aNSSI

20’ 1Yl W4LA

10U 3|14

8¢-00000-IN4LA :oud0Q

sjelseW
s|qesuspuod

s|eLIs1BW 8|11B[OA

ou 20p bemnoH
ainpsooud

Yjim 8ouepIoooe
Ul paulll}ep [9A9]

(s)jelalew
18yjo asn “Be ‘Jesn
Ag peploepagol - 9¢

solIs1Ie]
-oeleyo [gualel - 3z

Bunsesw D4 -

sullIRlep VO -

uoneulweWoD -

2'Z

Jusw
-uadxs Jo Buissebap
/-Ino ybly aAIsssaxg

27

sjeuslew
8|qesuspuod

S|euajew a|ije|oA

ou oop bamnoH

fuunsesw Df4 -

SUIWLIBISP VO -

ou 90p ainp
-900.4d Buiues|o
UHIM 30UBpJ0DO.

|asseA uado 0}

alnpasoad yum
8oUepIoooe Ul
pouluLIBlep |9A9)

-uljessaA UBR]D -  Q'Z | onpuoneulwejon - qaz

uosBUILEBIUOD -

Qe

[9SS8A
pajeuIlRIuOD

Qe

SERINEEEEL]
/SMAVINT

QOHL3IN
/NOILJ313a

AQINTN
/NOLLNT10S

s3ASNVO
31avaodd

1nvd
/ANTiv4

NOLdINAS
/INF190¥d

W3LSAS WNNOVA

ALITIOV4 NNNDVYA-OWYIHL INNIAIIN IHL 04 LSIT ONLLOOHS 3719N0d.L

a3 LoLs3



J3Lo1H1s3d

000’ 1YL WHLA :ou 3y
0S jo g :abed L :aNssI 82-00000-INd LA ‘oud0(Q
walsAs dwndslio)
uado 10 18§10 18 Wiay)
SYEd| [BInjonils - -moQ Bunjswg -
abewep |einonas ELE] (Ojes| wisymoq)
10 yeo| Jledey 1z uado syea| jusje - 1z 1 wisymoq 3o8yn 1z aje|d [euwley) 1z
ou
20p bemmnoy (Juswpadxs)
Ajj1oe) WNNoBA voOH Ag uonisod
|ewlay; syy Jasn -woo seb paleg -
Ul Jes] wnno Aq pepiosp aq 0] JEs) [ejuswadxy -
-eA e Jiedal (spnoJys Joy)
pue puiyj 03 ainp pnoJys uo yes| vou Agq uomnisod
-8204d mo||04, Jiedas pue 818207 9z pnoJys Bupjean - 8z -woosebrowg - eg )NED| [RUIBIL| 8z
uojesjouad 3es| uon
aAI)08Jop soelday -eJjouad |eoujos|] -
abnye} [eanjonis -
AJj1oB) wnnoeA abewep |einjonns
lewliayy} ayi ul 10 Yes| Jeday uado syesj Juale -
)eaj WnnoeA e
Jiedai pue puy Annd ypm
0} 8JNpa20id, pajess Ajesod (sjons
-9} 9q ues sjeas seb 1e0BJ] IO
ouoop | 3AnRILJeQ :3ION Al pue o ybiy)
bemnoH ainp ‘s|eas voy Ag uoiyisod
-800.4d mojjo4 aAlslep aoe|doy pz s|eas Bupjea - pe -woo seb palqg - pz ¥ea| |eulaixy peC
S3ION3IY343Y AQIN3IH SASNVI JOH.L3IN 1nvd WOLdNAS
/SHUVINTY /NOILNT10S 379vd0dd /NOIL2313d /FdN1v4d /IN3T1903¥d

W3LSAS NNNJOVA

ALITIOVA ANNOVA-OWYZIHL WNIGIN FHL JO4 1SI1T7T ONILOOHS 379N0dlL

31014183y



31014183y
00Q'LHL IN4LA :ou ajiy

05 jo / :abed | :aNSSI 82-00000-IN41AN :ou 20Q
(uoneolpul
810WaY Jal) oBA
-0WI8| pue uol
pesijeniul jou J7d - -lqwod 01 O1d
woJ [eubis uones
pioge oiued aul} 4o O1d - -lUNWwoD Yosys -
welibeip moyy
JOMB 1081100 Bujooliaiul Jajey - SAl0E YoouaW| - WILSAS
NNNDOVA
21BMY0S 1¥VYIS
10lle 1084100 By 006-1.19X Joug - ey 1gxsoiuwess - ey 10119 alemylog ey | OL319vYNn
vod uewinis
-ul 0} peay bBuis (ALan
-Uas Yoy aleds aq 0} JuswWalels
/leuonippe s|dnoo SIYY) JewInIsul peay
10 Jedal ‘soe|day o'g asneo Jualayu] - o¢ | vodAgpsjeolpul - o¢ | Buisues yoy Aney 2'¢
(8)z pue
(p)z syes| |eulaxa juswdojensp
pue |eussiul Jad sy - ae vodAqeleg -  g¢ Yes| pajoadxaun ae
BEISISE
(sisayjuis 3AISNI
pue sisAjeue Jes| jeuss) NOILISOd
D1}UBI0S pue -ut Jo Buissebino -NOD SYO
Buuesuibus) Jasn soljsLsloeIBYD /BuisseBbap jejusw 40 A9DNVYHD
Aq poploep aq 0] eg |eluswiadxy - eg vod Aq peleq - e'¢ | -Ledxe psjadxaun e¢ N3aans
SEPNENEEEY] INeEEN] S3ASNVI QOHL1l3IN 1nv4 NOLdINAS
/SHEVYINTY /NOILN0S 379v80dd /NOILD313a /34NTiv4d /N3T90dd
INILSAS NNNJOVA

ALITIOVA NNNOVA-OWAEEHL WNIA3N IHL Y04 LSIT ONILOOHS 379n0dL
d31ord1s3y




a3loNLs3ay
200’ 1YL WHLA :ou9qd

0§ jo g :abed L :INSSI 82-00000-IN4d LA -ou d0(Q
dwnd dwnd uea
puey 10 1o Bujues|o Joj Aiejod uo snjels dwnd suea Asejol S3ISION
Ag oAlBA 85010 e'g | peuado sem aAlep B'G | oAJeA ]Sejjeq 998 e'g | jo uado jsejjeq sk eg JONVSHLS S
asny
aoe|dal pue Bunno
-110 JOYys 10j 188 Ajney Aejoy
$)00}q Jo1o8u
-U09 Je s8|qeo X4 SUO0I}09UL0D 95007
aj|qeo [0UC9 JO ainjieq
soe|dal Jo Jledey o'y a|qeo Ayneg ol 7 wiiod 1e aunsespy 'Y [eubis jo5uo0n 2y
sjuau (Buninould uoys)
-0dwo9 weAs|al pajeAloe (s)asny
1e Bunse) Buiuels Jo (sa)plouojos
UN2JI0 Hoys puld ‘(sa)youms du |
U0 UOI}R|0SI YOIMS 140 UOUMS uoljejos|
sjoued
A|ddns gns pue soeIsll| ain|ie}
[BoL08]e 2101y qv 4o Aiddns uiepy av 1e abeyjon Mosyo qv A|ddns jeoujoe|g qvy
EEMINENEEEY] AQ3IN3IH s3SNvd AOHL13IN LInv4d NOLdWNAS
/SHYVINTY /NOILLNTOS 31ava0oudd /NOILD313a /34N7Ivd /N3T90dd
W3LSAS NNNJVYA

ALITIOVd WNNOVYA-OWMIHL WNIAIIW IHL HO4 LSIT ONIJOOHS 379dN0¥.L
a3LoiLs3d



Q31011 S3N

00Q' 1YLl N4LIA :ou a4

0G Jo g :abed L -3NssI 8¢-00000-N4 LA -ou d0(Q
alnpasoid 0}
Buipioooe jossen
ou oop moues|o ‘siqissod
bsymnoH aag | si uonenoeAs-ap §|
SdiNnNd
a[oho/ssoooid UOIJB-NOBAS -OAMD
aAljesouabal Buiuels aisoyeq 1no 40 NOIL
HE}S ‘olenoeAs-ap paues|o Ajybnoloy) uonenjeAs “vYENLYS
0} alqissodwi s | B'g 10U SBM |9SSaA - e'g alsodwoo yoy - eg s|assan Alig Be'g 1Sv4
uoneaioeds
10 1IN0 8le yolym
sued aoe|dal
‘sdwnd soinies dwnd uiopp -
uoljeu
-IWEeI0Y 40 921N0S
Jedasjaaow
-0y ‘pebewep
a.1e yolym sjusuod
-Wwo9o aoelday 1o vip
(s)dwnd ues|p Ulim pajeuiweiuon -
Bundnoo aseyd
sanboj] 1031109 4o} A|ddns uolap as|ou ayl|
-BjeD 0] Jajay OLI109|8 1084100 as Buoim uiny dwing - as uoiouy ‘Jee Ag - Qg sdwindalo) Ajjne4 as
S3ION3IHI43Y AQINTN S3ASNVO aoHL3In 1nv4d INOLdINAS
/SHAVINTY /NOILNT0S 379va0dd /NOILD313da /3d4N1vd /INTT190¥d
INTLSAS WNNOVA

ALITIOVH WNNOVA-OWYIHL WNIAIW IHL YO LSIT ONILOOHS 379n0dl

a3.1o11s3yd




d3LoikLs3ay
000’ 1YL W4IA :ou apd

05 jo o) :ebed } :3aNssI 8¢-00000-N41A :oud0(Q
dn
alnssalid palyioads ybiy ooy ainssaid S309 IHNL
0] 8H umop mojag oH Woalkg - -v¥IdNIL
av3H OAYD)
Aiddns Alddns uo ybi| ONINHOM
Jayem Buijood Jojem Buljoos Buiuiem jeayisno Kjjney d01s
1091100 210159y e/ usionsun - e/ Jossaudwoo-aq - B Jossalduioo-aH e/ | dINNd OAYD
ou oop
ainpagsold mojjoy
159} WNnoeA
[eway) alojeq uolnen|
swdinbs ues|n woswdinba Auiqg - -eAo Ihdiho 014 -
1s81
jeualew lapun wswdinba
(Buissebino uoljen|eAa 10 alel Buisseb
MOJ) 1081102 8s 29 |leuslew BucIpp - 20 ausodwod yo - 9'g | -ino/Buissebap ybiH 2'g
‘0le
ou ‘plom B2 ‘|eusoleW
20p baynoH aseq Jo Bupjes -
JANjoe) wnno
-BA jewsy} ul pnoJys Bunjeasn -
yes| e Jiedsy 2N Jo
pue pui} 0} ainp (®)z 10 (s)|eas Bunjes - 0o Jo ebejusalad
-8001d,, :aInp (p)z Jed sk Jiedal ubiy ‘uonenjeAs
-g00.1d moj|jo4 Jo/pue aoe|dey a9 aAjeA BupjesT - a9 apsodwoo yoy - g9 |[ossaA Bupyeen 9
SIONIYUI4ATY AQ3IN3IY S3ASNVYD dOH13n 1nv4d WOLJNAS
/SHYUVINTY /NOILNTOS 31avaodd /NOILO3d13d /3dNiv4d /INF190dd
W3LSAS NNNOVA

ALITIOVA NNNOVA-OIWHIHL WNIAIN IHL HO4 1SIT7 ONIILOOHS 3719N0d.L

J3.L0R1s3y




0G Jo || :8bed

Q3LoRILS3Y

I :3nssi

20d' YL IW4LA :ou g
82-00000-INd4 LA :ou 20Q

asn}Jo duy redey -

uol}
-dwnsuo9 alno
jeaujosis ybiy ooy

ainjres asnj 4o dug

uon
-dwnsuo9 uaiing
[eou3o8]s ybiy ooy
J0 8SNed 3g UMo|q

|[eued [04ju0D
wnnaeA ybiy pue
Jossasdwioo-aH 0
Ajddns Jemod [0

30

Josalnos nedey - 97y asny 1o annjoe dug 27 -Uo8|e aunsesly - 9°/ | 1no Jomod jeolos|g 2/
ueIoIuyos} Ajjewuou
pautely e Ag suop s|eoiyed sylom Jossald
aq p|noys syt 8S00] J0 8H pajeu -Wo92 a4 9)Iym
‘uojsid aoe|dal -IWBIU0T JO 8snes uonoe Huidwind
Jojpue ueed - Qq/ -aq uojsid yonig aq/ buueayoN - Qg A)ney peay pjod qL
alnssald payoads Jossaudwoo ybiy

0} 8H umop umolg -

jun |0Jju0o
jeoo| Jieday -

1eubis |oJjuoo
|EONIOB0 BJ01SaY -

Aiddns Jamod
[EOL0D|S Bl0ISayY -

Ul 8H Yyonw 00|

|oJ1u09
41800}, Aj)ne

jeubis josuoo
«olowsal, Ayned

A|ddns Jamod
[eou3o9le Ajne4

0} Jossaldwoo-aH -

Buluuny jou
Jossaudwoo-aH -

EERINENEEEL]
/SHUVININ

Ad3INTH
/NOILLNT10S

s3ASNVO
318vd0dd

QOH13W
/NOI103134a

11nv4d
/3dN7Ivd

WOLdINAS
/IN3190¥d

W3LSAS NNNJYA

ALMIDVd ANNOJVA-OIWYIHL WNIAG3IW IHL HO4 1SIT ONILOOHS 3719n0¥d.L
a3LoRILs3y



Q3LOI¥LSTY _
000 LYLTINALA :ou 3jid

0G jo Z| :abed L 3aNnssl 8¢2-00000-W41A :oud0gQ
HUN2UID Paso[o 1ol (eq g uiw aq
pue yes| Jeday 0}) Jossardwoo
UNo40 pasolo -9 uo abneb alnssald
des| [lews Jl [lliey qase uo yesj winljsH - as ainssaud doeyoy - Qg'g -9H MO| 00 ae
I1ss}
Jepun juswdinbs
J0 ojes Buissebino
/Buissebep ybiH - FdN1LY3d
W3 L OAMD
aAoge [ossa/ Buyes - IATJIHOVY
(0)g pue (9)9 ‘(e)9 abneb wnnoea ub1y 00} [osSAA Ol A19vNN
ydelbeied o] Jejoy e'Q J9ssaA AuQ. - eg Buiuuad peay e'g apisul ,alnssald, e'g | dANdOAND
9JEM}JOS 1081100 JolI8 alem)yos -
Kejal soejday Kejas Ayne4 -
asnj aoejday asn) umo|g - BunoaIo uoys
10} o8Yyo pue
S)20|q 10}08UU0D pesay dwndofio
1€ s/9]qB2 XI4 U0I108UU00 9S00 - 1e pue Jossaid
-wo2-9H 1k |eubis
aoe|dai Jo Jjeday P/ a]qeo Ajned - P/ [OJUQD J0) Y0/YD - p 2 |ainjie} jeubis jonuon p .
EEMIENEEER AQ3IN3IN S3SNVI AOHL3IN 1nvd NWOLdINAS
/SHHUVINTY /NOILLNTOS 37dva0dd /NOILD313a /AANv4 /INT190¥d
W3 LSAS NNNOVA

J3a.1Lo11Ls3d

ALITIOVd WNNOVA-OWYIHL WNIAIN FHL ¥O4 1S ONIIOOHS 379N0¥.L




a3aLo1dLs3yd
20Q' 1yl W4LA :ou 3y

0G Jo ¢} :abed }:3ANssI 82-00000-W41A :ou 20q
salim SalIM Jo
(.SONIaVIY
0} J0109UU0D X 10}0BUUCD 85007 sjuswalnsesw avin.
uosLiedw o9 1oy} 39034d
Josuss ues|n a6 Josuas Auiqg a6 Josuss ooeldey - Qg6 Ajnej Josuag a6 WNNOYA
[eX<F
ayelsiw ONIAV3d Ni
Aq paso|a aAl_A NOILYI¥VYA)
SONIAV3Y
asodund shjels aAleA WNNDVYA
SN]elS aAlBA 18S8Yy e's U0 Pasc|o aA[BA e'6 WNROBAYOBYD - B polejos] Josuag e'6 | I1gvIIaNNN
aouewlopad 17
AJlIeA 0} Josuas
ainjie} pled Oids Awuwnp sjdnop -
Solwiw 0006
ainjle) 117 -71gx uoneolpul - Ajney usw
-najsul Bulinseaw
300q aoejdal Josuas Ajney alnjeladwal Jo
-puey |17 Jey / 1881/ 498yd p'g aln|lej a|qed p'g saledipul |17 - p'g |Josuas ainjessdwa ] p'g
(uero AjlewJou
-1Uyoa} pauleJ} B s|eoined 8s00| syJom Jossaud
Ag suop aq p|noys 10 8H psaleuiwe) -W02-aH 9Iym
siyl) uoisid eoe|d -UQ9 J0 ashedaq uonoe Burdwnd
-2l 10 N0 ues|) 2'g uojsid payonig 2'g BuuesyoN - 2@ peay p|oo Ane4 0°'g
EEMNENEEEN] Ad3N3Y S3ASNVO AQOHL3N 11nv4d NOLdINAS
/SHHVINTN /NOILNTOS A79vd0dd /NOILO3130a /A4N1iv4 /N3IT190dd
W3ILSAS WNNIJOVA

ALITIOVA WNNOVA-OWNIHL WNIAIIN IHL Y04 1SI1T ONILOOHS 3719n0¥L
a31o1dLs3y




d3Lo1y1s3d
O0Q'LHL IN4LA :ou3jid
8¢-00000-IN4LA foud0Q

0S Jo | :abed I :3nssi

wesboud
}08.1102 peojal

Aowaw Jo sso7

aJemyos jo

psleo

-Ipul sJ JoJJe ajem
-1JOS € “1ayp sbul
-peal indino o4
pue sjuswnlls

(1gx 40 O1d
Je sBuipea) Buoim)

10 welboidoy 96 abueyo [ejusptooy - 2'g -ul Buunseaw | 96 alemyos Ajjne4 96
asny aoeldey asn} umolg -
Abalul
((s)s1qe0) {(AlreoisAyd) 8}n0J uoljeolu 8)noJs uoleo
99ledal Jo Jiedey P6 (s)sjqeo ebeweq - p'6 | -nwwoo sinseapy p'6 -luNwiwoo Ayne p'6
Suninotio nedey Buiinoao yoys - (s)bul
-peal alenjeA
$10} suoloau pue Juswinis
-08UU09/SalIM X14 -U09D /S8JIM 8S007] - -ut Buunsesw (uony
0} psjdnoo -[quio9) Ayne} Jusw
aoe|dal Jo lieday 36 juswinAsul usyolg - 2'6 (s)2qoud sbueysn 2'8 -naisul Bupinseapy 2'6

Josuas aok|dey

Josuas uayolg

sBuipeal sjenjeas
pue juswnisul
Buiinsesw Anej
uou 0} Josuas
JANney, ajdnon

CERNENEEEL]
[SHAUVINTA

AN
/NOLLNT10S

S3ASNVO
3719vdodd

QOHLIN

/NO11LD313a

1nv4d
/AANTvd

NOLdINAS
/IN3190¥dd

WILSAS ANNOVA

ALITIOV4 ANNNDVYA-OWYIHL WNIQ3IN FHL YO 1SIT ONILOOHS 319n0¥L
a3a1or1s3y




d3.LoibLs3ay _
200°1dL W4LA fou 3id
82-00000-W4 LA :ou 0@

0G 10 G| :abed |l :3NssI

BA[BA
aoe|dal 10 nleday

BAJRA 1IN0 UBB[D

Alddns sie passaid
-Woo alolsay

anleA pabeweq
SA|BA YONMS

ainjie}
lie passaldwon

- SABA

1e AjlensiA 328y

|eubis J0 s|aued |oJu0o
1091109 810)say aol ainjiey} jeubig - g0l lesneisyosyy - ggl | uado snea ssedAg g0l
uels 0} 24 dwnd
[0J1U0D s1004 J0} ybiy 00}
jenuew Aq dwnd [8SSOA 10 st ainssaud ay}
Hels 10 yes| X4 yomadid Bupjes - Jeyl sjqissod 81y -
sjusu 1o
-odwoo ebewep 40 0B 10 s|eolued
aoe|dal Jo Jleday 8S00] JO asheoaq
‘dwnd 1no ues|n dwnd jonig -
Jojow ouo8|8 aJn|ie}
aoe|dal Jo Jredey Jojow o11098|3 - NNNDOVYA
Buuuny 3¥04 40
Alddns Jamod ain|iey Jemod uolnesado Jojow Jou sdwind wnnoea 9NIdINNd
oujo8|e Jieday e0l J1010W 0U)98|3 - eQl olod8 Yo8YD - el -al0J JO sWog e0l MOIS ‘0L
S3ON3Y343Y AQ3INTN s3aAsNvo AOHL3N 17nvd NOLdINAS
/SHEVINTY /NOILNT0S 319va0dd /NOI133134a /Adn1ivd /IN31904d

W3LSAS WNNJVA

d3101d41s3y

ALITIOVH NNNDVA-OWYIHL WNIAAW FHL ¥Od LSIT ONILLOOHS 319Nn0¥1L




a3aLoldis3y _
00014l WH1IA ‘ouspid

0G Jo 9| :abed I -ANSSI 82-00000-IN4 LA :ou 20(Q
[9SSaA
apisul ainssaud
uby aAneje.
uolnonJis 1B 19]IN0 1Sheyxa
uononnis o Aq pexoo|q 1e wealjs seb ou
-0 aAoWaY 20l adid 1sheyxg - 9°0lL | /mo|lpueyAgieed - a'Ql pa)20|q ISNeyxy 20l
Jouaul
|[@sseA ues|) pajeulwe)
|9SSOA apIsul -u09 ¢4 dwnd
lio eoejdey POl uofjeuiweuod - pol Jnojod lo3}08yp - pQl Buiybnoy Jo 110 p0l
uonisod padisap
0} SAJBA YOUMS
pue B8AJBA SS0JOEB SABA
alnssald az||inbg Jano 4y yby ot -
aAlBA
aoe[dal Jo niedey aAjeA pabeweq -
BAJBA N0 UBS|D 9A|BA Y0NS -
{uonisod
Jle passaud ain|ej uado ||y aAleA
-lW09 aloisay Jle passasdwon - ur Ino aq ||im
uid |lews) Jojealp uado AJny
leubis -Ul uoiisod aAjeA 10U LA SAJBA UONIE|
1081100 2l10)S8y 201 ainjej jeubig - 20} uo sniejs yoeyy - 90l -0S| [9SSOA UlB\ 201
S3AONIYI4TH AQ3INTY S3aASNVI QOHL13IN 1nv4 WOLdINAS
/SHEVINTY /NOLLNT0S 379va0ydd /NOI1D313a /3ANTIv4d /NI T190dd
W31SAS NNNOVA

A3a1o1yLS3N

ALIMOV4 NNNOVA-OWYIHL WNIGIW IHL ¥O04 LSIT ONILAOHS 31gn0ydL




a3aLoNLsay
200’ 1YL W4LA :ou 9y

05 jo /| :abed l +INSSsI 82-00000-INd4 LA foud0(Q

plouojes
aoejdals io nledey -

alnjiey
AAJBA ploOu9|0S

alnjie} welsAs

Aoeq

pesal/|eubis ,J01eD
-Ipul mofj jusu
-odwog/ws}sAs

- -qns, Moy oN - -

3oeq pes) ,Jojes

Wwo)sks adid Jo dwnd -Ipui moy} Buljooo
Buljooo Jledey - uone|naIInay - leJ8AQ, MOJJON -
S1IN3IN
aln|le} -OdINOD
snjels aAjeA Jo Buipes Jo snjels aln|ie) Aiddns 40 ONI
Bulyoums 1pau0y - el Buiyoums Buospp - el (s)enlea Buoipp, - BTLL Jajem Buljoon Bl | -LVIHYIAO L)
¢d dwnd suea
Alejod Ul aAjeA win)
-8J uou Ajjeulsiui
pa)onis Jo Bujes -
S1s8}
sjuau sope|q Buluuids jenpia
-odwoo pabewep 10 SJ0}0W paleam -Iput Joy sduind
soeldaiJo dieday - 40l 10 pabeweq - 101 peidnoosuny - 10t duwind Ajne4 10l
REIEEEED] AQ3INTH s3ASNVvI QOHL3N 11nv4 NOLAWAS
/SHAVINTY /NOILNT0S 319va0dd /NOILD313d /Adnivd /IN3T1904d

N31LSAS WNNOVA

ALITIOV4 ANNDVA-ONYIHL WNIA3W IHL ¥O4 LSIT ONILOOHS 319N0¥ L

a3aLo1RLs3d




d3101d1s3y

204’1yl W4LA :ou ajid

0G jo g} :abeg L :dANSSI 82-00000-INd LA :ou 20(Q
slusunIsul wajlsAs
Ayney aoe|dal/aed uolenalIoal
-3J Jo ‘19}eMm uol} Joyem ui Buipes Buipeal ybiy
-B|n2J1931 18}0092 alnjeladwal ‘luswiainsesw Joy 00}
10} WIB)SAS log pLL A)ney Jo Buoipp pilL alnjeladwa | P11 | J91em Buljooo uiep P il
Jsuocdwoo aslou ,peo|
aoe|dal/eoIneg -lano, |ealdA] -
weib
-0ld D14 abueys
"Juswalinbal uonoLy
aouewlopad/jeuol) ybiy ooy Jo indui pasn juaLng |eo juau
-eJado 1081100 'Ll | reuonessdo Buoupp 211 -upse ybiyool - 9'11 | -odwoo J0 peOPUSAD 2L
ind-ybno.yy
adid 1no uea|) aul| adid ul wiQg Jolem pajolsey -
SUET aln|ie} WolsAs
-odwoo soe|day atL 1snJ Jo anbije4 all Mes|Jalepn - gLl | Buiooo jusuodwo) atl
SAONIYIATY AQIN3IN sS3SNVD AOHL3IW 1nv4d NOLdAINAS
/SHUVINTY /NOILNT10S 379va0dd /NOIL1D0313a /3AN1Iv4 /NIT190¥d

W31LSAS ANNJOVA

ALIIOV4 NNNOVA-ONYIHL WNIGIN JHL Y04 LSIT 9NILLAOHS 319n0dl

a3.Lo1d1s3y






a3aLonLs3ay
oop'zZleWJay] :ou iy
-00000-IN41A fou 30Q

0G jo 6] :abed | :3NsSSsI

‘loued
|0J3u0D WalsAs
[BWISY] Uo Uun

|0J3u09 aunssaud
Ayney aoe|dey
“Jaliddns 19e1U0D

‘[eued jonuoo
walsAs fewlayy
Ul Jun [0u09
alnssaid Ayne4

‘001 ©d
abneb ainssaid

uo aunssald yoayn

(dosLD) ‘leued
|0JJU0D WivISAS

[EWIBY] U0 Hun
J0J3u02 ainssaud

(dosl) uo ainssaud
(dosl) [oued [01U0D walsAs ¥oayo "Ajjoaaiooul
joued joJu09 WwvlsAs [ewlay) Buluonouny
WL1sSAS [ewlay) ul yun [0uUo9 "ua8los 006 Jo Buiuonouny
uo Bumss ainssauid alnssoaud uo Bumes -11.9X uo ainssaid 10U WalsAs

1081100Ul 810)S9Y ] ainssaud 1081100U| Eo ) wajsAs yo8yo 0] [0JJU0D ainssald Eou)
‘188
Aj1oa1109 Joje|nbau
aul| 3o9YyD
‘(ebneb Jeq
g MO[aq ainssald)
"108.100U] Bumes jue} uo abneb "MO| 00} anssaud
“Jaljddns 10B1U0D ql ainssalid jue | gl alnssald yoayo ‘q'l yue} usboiuN ql
-abneb [oAg| FHNSS3IHd
Muey [yay el “Muey fidwig el Nuey N7 /YD ‘el | "CN74o Aiddns oN el 40 SSO1
SENENEEEN Ad3INTH QOHL13N 11nvd WNOLdINAS
/SHEVINTN /NOILNT0S S3ISNVYI /NOILO3L13a /AdNIv4 /NIT190¥d
INILSAS TVINYTHL

ALITIOVd NNNOVA-OWNYHIHL INNIAIIN IHL 404 1SI171 9NILOOHS 3719n04l

a3101d1s3y



(ETReIM- TR )|
oop'Zlewsay] :ou a4

0§ J0 0Z :abed l -3aNnssi -00000-INd41A :ou20Q

CLIA

"OAIBA pasojo aq 0} aA[BA

usyoJq/pabewep "OABA Alajes oayn
aoejday usolg/pabewieq -

‘uado ale

‘uonisod 1084400
0} aAjeA 1snlpy

‘(sdempiey
J0 8lEMYOS)
Jeued |0Jju00

‘uoljsod 1024100
-Ul SAJBA [ENUB]

‘J]oued

9ZLAN pPUe gZIN

- SaAJBA I Y)o8YD

8CIA

pue 6ZLA ‘€OLA

ulew uo |eubis [0JIU0D Uleud WO} ‘GE LA Paso|o aq ‘Bunes
1094100U} 810]S8Y =N |leubis 108.1100U] - =y 0] SBAJBA YoayD EN) O9A[BA JOBUIOOU] - "9}
‘|ossan
Neo| Jleday ‘yes| pnoiys JO WINNoeA Yoay)
‘|lensiA
‘anfiie4 10 0IpnE s)Es|
Yesj Jiedoy "$}|0q 85007 adid 1o} Yosyn
‘s|ees
pafewep aoe|doy "S|eas uayolq ‘'sabueyj |1e
"S)|0q uslse ‘Pl Jo pabeweq ‘Pl uo S)Ea| 10J Moayo Pl yes1 - Pl
SAONIY3I43Y AQ3INTN AQOHL3IN 1Inv4d INOLAINAS
/SMEVYINTY /NOILNT10S S3ASNVI /NOILDO313d /34N1Iv4d /INFT90dd

N3LSAS TVWIIHL

a3100d1s3y

ALITIOVd INNNJVA-OWHIHL NWNIAIN IHL HO4 1Si7 DNILOOHS 371aNn04l




a3a1L01¥1s3y
Qopzlewssyyl :ou a4

06 Jo 1z :abed L danssl -00000-W4d1AN ‘oud0(Q
JaJlwISukl] alnssaid jualng = 1dl
[sued [o,jUu0D Ulely = dOIN
"sinoy
¢10J 2,001 1€
ulejulew pue a[0ko
Bunesy seniu)
"9j0ko
‘dwaey Buljooa oyul buiob
Jusigwe 0} uinjal alojaqg walshs ‘'sadid Jepas) pnouys
01 Wajshs mo|ly ae ayj ul aunsio a2 ‘e|geloslapun ag urebeyooig 89| - QT
"Ae|dsip olwiw
3y} uo psjedlpul
Se spnoays
"aA|eA 9oe|d Butuiewau
-ay Mieday "oAleA A)ned 10 alnjeladwa)
obeione
COLA woJj 3 .02 ueyy ‘AnodHS
‘LOLA @AjeApUBH aJ0W Aq slsyip ‘PnoJys syy o} FT1ONIS NO
‘Bumes alnjesaduwial moy} seb jusiolyinsul NOLLVYIAIQ
‘B SAJBA 1081100U| ‘e'g pnoJys a|buig e 10 BAISS20XT - B IVNNEHL 2
SERIEREEE] AQ3IW3aN QOHL3IN 11nv4d WOLdINAS
/SHYVYINTY /NOILNTOS S3SNVO /NOILD313a /34N /N3T190dd
WILSAS TVINYTHL

ALITIOVYd AINNDOVA-OWYIHL INNIIIN 3HL 404 1SIT OSNILOOHS 379Nn04.L

310183y



a3aioiLs3ay
J0p'ZIBWIaYl :ou 3ji
-00000-N4LA :oud0(Q

06 Jo 2z :abed | '3anssi

"INIISNVYL
ENRS
“NOdsS3a
‘obneb |ons) - NON
ueljliley - e'g “uey Aidwg ‘e'e yuey N 3o8UD ‘e'g ‘CN1Jo Aiddns oN - “e'g g0 MO1S
0,022~ 81edipul
JIIM U8alos oluIW
uo nopesal 0ol Ld
Jun 9oL ‘paleulwn|i 8q ‘alnjeladws)l pnoJys
1d Anej soeidey - pz ‘alnjie) 001 1d ‘pe M O d uo a3 4 mo| Ajjeonsiiesaun - pg
"CND 0 Buizipinbyj
"aA0Qge ul Buiynsai wajsAs
"1 "1al - aunssaud lewuayy ui dodp ‘Aeldsip
Jo ssoj o1 dejey - alnssald usppng SiWW Uo palesIpul
se phouys sjbuis
"90LA "jun 18j000 uo (9 .0.1-)
aAleA Jo Buipes ay1 ulI SN JO alnjeladwsel
wnwixew sonpay - 97 uoneziuole 1004 ‘0'Z MO| BAISS80X] ‘0z | pnodyseyiuw Nt - 07
EERINENEEER] Ad3INTY QOH13N 1Invd WOLdNAS
/SHAIVINTN /NOILNT10S S3ASNVO /NOILD2313a /A4N1vd /W3190¥d
INJLSAS TVINNIHL

ALITIDVA NNNJOVA-OWYIHL WNIA3N FHL 404 LSIT ONILOOHS 319Nn04Y.L

a3Lloidis3ay




0§ Jo €7 :9bed

a3a1o1dls3y

l :3aNssI

oop Zlewsy |

:ou 94
-00000-Nd4.LA :ou d0Q

BUETIIETE]
Jojeay aoe|doy

"101SUAY} Ayney
soe|dalniedey

BUEINEES
- Joleay nojuing

“103sUAY)
- woyy [eubis oN

Jajewi dwe yum
Jsjeay 0} JolsuAy}
wiol} s|geo Jamod
- U0 JusaLIND Yoayn

"J101S1IAY)
- uo g3 o8y

"dON "dOn ‘Aejdsip olwiw uo "Hun Jsjesy o}
uo |eubis aloisey - Q¢ wol} jeubis oN - qe JeuBis 1oy doayn ‘qg Jamod |Beouosa oN qe
SIONITHUI4TY PNeETER] AOHL3N 1INnvd NOLdINAS
/SHHVINTN /NOILNT0S S3ISNVO /NOILD313a /AdN7v4d /NFT190¥d
N3LSAS TYINYTIHL

ALITIDVY4 NNNOVA-OWHIHL NNIA3IN 3HL HO4 LSIT DNILOOHS 31aN0Y.L

J3.Lo1d1s3d



a3loilLs3y
J0pZlewssyl :ou 94

0§ Jo ¢¢ :abed I :3nssi -00000-N4LA :ou 20Q

Jaued [0JjJU0D WBISAS [eulIay ] = dOSl
(eunieladwa)
‘lenuewt uo yoops) (0
Jad se Jojow .0/<) ainjeiradwa)
uej uo uojoadsuj JOJoW 9AISS8IXT
(Wess
10U ||1Mm ug) ‘payoo| ‘Aejdsip olunw
‘Alddns Ja1eMm -layu|) "Ajddns uo I0}ea1pul wuepy
Buljoog aloisey Jolem Buljooo oN
"uoloelap olpny
‘uej Ayneyj aoe|d "uey} usyoiq
-al/liedey /pabeweq ‘dosi
uo J8||0J1u0d
"ue} 0} Jemod ‘uey 0] Jamod paads a|qelea "2ouewloped
[BOL1090 810159y 0 |EOLIOB]e ON 0'¢ uo jeubls oN ¢ Uej JuaIoIynsuy| ‘0°¢g
ERIENEEER] AQ3IN3A QOHL3IN 1nvd WNOLdINAS
ISMIVINTY /NOILNT0S S3ISNVI /NOILD313a /3dN1ivd /NIT90¥d
NILSAS TVINYIHL

ALOVYd NNNDVA-OINHIHL NNIG3IN FHL HO4 1SIT ONILOOHS 37aNn04d.L

aa1LoRILS3ay



06 Jo Gz :abed

3101 s3y

I :anssi

o0pZlewlsyl :ou 84
-00000-N41A :oud0Q

(aAjeA uo
[oaympuey |98 )
‘uado Ajued Jo
uado GC LA aABA

“(alpuey
2993g) ‘paso]o
‘Buimes 1001100 ‘Bumes 9q 0} J0 paso[o ‘Bumes
0} (S)enleAleS - pg 9AlBA BUOIAN - pe ZOLNA 'LOLA BABA - 'P'E 8A[EA JOBUIOOU| -  'p'g
FERNENEEER AQ3IN3Y AoHL3IN Linvd INOLJINAS
/SHEYINTY /NOILNT10S s3asnvo /NOI12313d /AdnIvd /INFT90¥d
INILSAS TVINNIHL

Q310R-Ls3

ALITIOVd NNNOVA-ONYIHL INNIAG3N FHL 404 L1SI71 9NILOOHS 319n04l



a3aLoldis3y
gop'zlewlayl :ou aji4
-00000-Nd4LA foud0Q

06 40 9z :ebed | :anssl

Jalddns 1pBlUu0D

(dosl) 'leued
|oJU0D WolsAs
JeWwIay} uo yun
joJu09 aunssaud

‘|sued |oJ3u09
WwalsAs |ewisy)
ul Jun joJu09

‘001 ©d
abneb ainssaid

uo aJnssald yoeyn

(dos)|eued
[01U0D WRlsAs

Kjne) aoe|dey - ainssaud A)ne4 [eway] uo yun
|0J3u09 ainssaud
(dosl) uo Buipes ainssaud
(dosl) ‘[aued |oJu00 WIvISAS Yoayo - "Aj1084400Ul
‘leued |oJjuog WwaIsAs |ewlayy Buiuonouny
Wa1sAs [ewllsyy ul jun josjuos "U38J0s 006-1.9X Jo Buruonouny
uo Bumes ainssaud ainssaud uo Bumes uo sinssaud 10U WalsAs

Joalioou] 8Jolsey - I'g ainssald joalloou| ‘e walsAs yoayo - g |0JJU0D 8inssald ‘1'e
188
Aioeuioo Jojenbal
aul yo9yo -
‘obneb
Jeq g mojeq
aQq 0} 10U 8Inssald
"1004100u1 Buipes yjue)} uo abneb "MO| 00} ainssaud
Jeljddns 10B1U0D - '8¢ ainssaid yue | X alnssasrd yooyy -  e'g yue} usboluN o'¢g
REIEREEED] Ad3IN3A dOHL3aAN 11nvd NOLdINAS
/SHEVINTN /NOILNT10S S3ASNVYI /NOILO3L13g /3dN1Ivd /NI180dd
NILSAS TVINYTIHL

ALIDVE INNNDVA-OINHIHL INNIAIIN 3HL HO4 1SI17 DNILOOHS 319n04l

(SERRal P HRE D



06 0 /T :ebed

a31oiy1s3y

} :3nssi

oopzlewssyl :ou afi4
-00000-Nd4LA ou 30Q

Jayddns 10B1U0D

"SAJBA U 0Iq
/pabewep soe|day

‘uolsod 1081100
0} aA|eA I1snlpy

‘(alempley

10 alemyos)
joued josuo9
urew uo |eubis

"SSaUBAIOe

40} 9CILA pue
ECLNA SAIBA XO8UD

"AABA UBY0Ig
- /pabeweqg -

(BawmnoH)
‘uado JI Addns

CND 9AJBA ¥o8YD

‘uolysod 1081109
- -Ul 9AJBA [BNUBY -

‘leued
10JJU0D UleWw Wo.l)

PSSO JI TN
Pue €0LA ‘SELA

Buines aAjeA jonuoo

J084looul 210188y - ‘U'g jeubis 100u100u) - ‘ye SOA[BA Yo8YD yg ainssaud 1080100l - ‘yg
EREL
yes| Jiedey - es| pnoJys - JO WINN2BA Y08Y)
‘[ensIA
10 olpne syeg|
yes| Jledey - ‘anbie4 - adid JoJ )oayo
‘s)joq ualsed - 's)jog 9S00 -
‘s|eas "S|B9S UdY0.g ‘'sabuej} jje uo yes)
pabewep aoeidey - B¢ Jo pebeweqg - ‘B¢ 104 Yoayon ‘B¢ yes - ‘B¢
EEMINEN-EEEL FNOENE]] QOHL3N 1nv4d WOLdINAS
ISHHEVINT Y /NOILNTOS S3ISNVO /NOLLO3L3a /AdNTIv4d /NIT190dd
INTLSAS TVINYETHL

ALIMIOVd NNNJOVA-OINYIHL INNIA3IN IHL 404 1SI7 DNILOOHS 319N04.L

a31o1d1s3d



a31oKidis3y
o0p°ZIeWISY :ou 3i4

0§ Jo gz :abed I -dnssi -00000-N41LN foud0(Q

‘90LA 8A[BA
soe|dal/ileday

‘901N BAjBA pBg)
}Un 483|009 Yonig

"2Jaymas|a pasn
C¢NDO yonw 00}
10 asneoaq “ue} ul

uonelado
1081109 10}

90 LA SAlBA pa8)
HUN 18j002 Y98y

-abneb
Jeg g wnwiuiw

yuel dn-p|ing ainssaud oq 0} aJnssaud
uf aunssaud ulebey jusyinsun AUBL)IBYD 1419a 3dNL
“Hun -vd3adEL
‘abneb |oAg| 198|002 0} A|ddns JiVIS
UE] [lljed ey Muey Aidw3 'Y yue) SN 308UD B'Y N1 paldnusu| BV AQv3ls
‘Ae|dsip
olwiw uo syyoud
usisued} jo asuods
‘a|ijoud 1593 -8 paloadxa
uo Jodis 109110) e “1oul8 Jojesado e -Un 1081100 ‘I'e |"apjoid 1s8) 1981100U] e
CEMINEEEEED AQINTN JOH13N 171nv4d WOLdIANAS
/SYMAVINTY /NOILNTOS S3SNVO /NOILD313a ELNRIVE] /N3190dd
W31SAS TVINYTHL

ALITIOVA NNNJOVA-OWYIHL WNIA3IN IHL HO4 LSIT ONILOOHS 319Nn04H.L

a3aLoidis3y



a3aLofdis3ay
Jop'zlewlayl :ou aji4
-00000-Nd4LA :ou d0Q

06G Jo 67 :8bed I :3NssSI

‘Aydosoiyd ‘COLA PUB LOLA
joJ09 sbueysn sBuiias aAjeA
slsjoweled Yup Jo Buiyoyums 10811092 10§ Yo8y)D
[os3u00 abueyn SA|BA palisep ‘14O PBYOUMS
swuwelboid-ay -un ‘(s)bumes 138|009 pue Jaleay ZN
alempley |0Jju00 anleA Buodm ‘Jolia Ulm uaas pabueyo Bunenolioai jo moy)
Jredaljabueyn R alempley [0JjU0D 0y spnoJys uo 1v 0P ssew peydnusiul - o'y
J9)sw dweo yum
Jojeay 01 .101SUAY)
RIUETIIETE ‘Juswale wouj ajqes Jepmod
Jojeay aoejday Jajeay Jno juing U0 JUsLIND Yoayod
"JOISLIAY] AYney "101SMAY] "101SLIAL)
soe|dal/eday woJ} jeubis oN uo @37 yoeyo
Hun
‘'dON ‘]dOIN ‘Aejdsip oiwiw uo Jaleay o} Jemod |eo
uo jeubis aio)sey qy woJyy [eubis oN qy [eubis Joj ¥a8yo ay -Ujp9le paydnueyl - gy
SAJNIHI4TY
/SHMHVINTY PXCEE)] s3ASNVI QOH13aN 11nvd WOLdINAS
/NOILLNT10S /NOILO313a /AAdNTIv4 /NIT190¥d
W3LSAS TVYINMTHL

ALITIOV4 WNNJOVA-OWHIHL NNIA3N 3HL Y04 LSIT ODNILOOHS 319n04.L

a3Lord1s3d



06 J0 ¢ :obed

d310141s3d

I -dnssi

oop'Zlewlayl :ou 8ji4
-00000-N41A :ou 2d0Q

‘obeyo0|g
ues|o 1o sbuipes
SA|BA 1081100

‘Buipes

paads uej 1081100

‘lenuewl
Jad se Jojow

(e1o1ped
8500| Aq Bunjoolq
[eaisAyd Jo pasojo

{s}onjen) -yied
MOJ} Ul UOIOUISaY

uej jo Buimes
paads Buoipn

‘(Joiel1S
10 J0JoJ ‘lojow
31110819) "ue)

aALp poads
3|gelUeA 10} pue
J0j0W UEJ JO UOI1BD
-Ipul PBOLIBAQ

paads uej moj 00

OIWIW UG Uiiely

ueJ uo uonoadsuj uayolq/pabeweq ‘SANOYHS
"TOLA spnoJys SSOYOV LV
"uey 01 Jemod ‘uey o0y Jamod pue LoLA Bumes ybnaiyl moyy J19vL
|EOUIOB]S 210)Say ‘B9 |[eaujo8le uo Jolig ‘B'Q anjeA BUuoIpp ‘B'g ssew N MOj 001 - EB'Q -dID0VNN ‘9
‘Uaslos 'J3]009 10 Js)eay ‘u@alds oIl
006-11Gx ul ay} uo sbumes uo pakeldsip
sbuies gid 1959y dld 108ai00u| se sainjesadwal TOHLINOD
dlels Apeais FHNL
"ybiy woJy ainjesadway -V¥3IdNIL
‘alem)jos / 0} / 14 uo Bumes pnoiys 31V1S
Td ui Bumes yw| Jwi| 48]009 pue JO uonenjonjy "18]009 Jo J8}eay uo Adv3ls
wnuwixew }asay ‘e'g Jojeay wnwixep ‘e'g OAISS99XT B'G Aloeded aalsseoxy ‘e'g JIgvISNN 'S
CE I VENEEER] AQINTY QOH.L3IW 11nv4d WOLdINAS
/SHEVYINTY /NOILNTOS $3ISNVO /NOILD313a /3dn7ivd /INT190¥dd
WILSAS TVNYIAHL

a3aLoldis3y

ALITIOVH NNNOVA-OINYIHL INNIGIIN FHL HO4 LSIT DNILOOHS 319N04YL



06 Jo L¢ :abed

A3 LoRILSTN

I :3nssi

oop'zZlewssyl :ou a4
-00000-W41A :oud0Q

'dOSL Ul jun
[0JJu00 aunssald
Ajjnej eoeday
"Ja1ddns 1oeu0D

‘Buimes ainssaid
1081100Ul 310js9y

‘waysAs 1ybipes

"18]jddns 10B1U0D

'd0sl
Ul Jlun |0Jju09
ainssald Ane4

'dosl

apISul JUN JOJJU0D

ainssald uo Bumes
alnssald 1091100U|

‘doo|

0s0j0 CN Bunjea

"108.100ul Bumes
alnssald jue|

‘001dD
abneb ainssaud

uo ainssald 328y
(d0s1) "Jaued
[0J3U0D WBISAS
[ewLiay} uo pun
joJu09o aunssaud
uo alnssaid
ws)sAs Yooy

"usalos
006-11L9Xx uo
alnssald welsAs
MO| 1O} ¥o8yD

‘188
Kj1084109 1018|NBAl
aull Jo8YyD

‘(abneb

Jeqg g mojaq

Jou aunssald)
“uey uo abneb
alnssald yosyo

"MO|
‘obneb |ang| 00} WalsAs |ewlsy]
uey sy q9 “uey Aldw3 ‘ag qUB) N7 %08y ‘a9 ur ainsseud CND a9
SEMINEREEEL] AQ3IN3TY QOHL3N 1nvd INOLJINAS
/SHUVINTY /NOILNTT0S S3ISNVI /NOILD313d /3dNivd /NIT190dd
N3 LSAS TVINYIIHL

ALITIOVA NANOVA-OINYIHL WNIAIIN FHL HO4 LSIT DNILOOHS 379N0Y.L

J3101-1s3d



a3.Lo1d1s3y
J0pZlewlayl :ou a4

06 Jo zZ¢ :abed L :anssl -00000-N41A -ou a0Q
"9AlBA
uaxolq/pabewep SAIBA
aoelday uayolq/pabeweq

‘uolusod 1084100
0] 9A|BA Ishipy

"(adempiey

10 21BMY0S)
|oued josuoo
ulew uo |eubis
1081100U} 810159y

‘uoljisod 1981109
Ul 8AJBA [BhUBIY

‘Jeued
[0JJUOD UlBW WO
jeubis 10a1100u]|

"$0 LA Uado aq
0] SOAJBA YoayD

BCIN

pue coLA ‘8ZIN
paso|o Aljadoud aq
0] S8A[BA Yo/YD

Bunies
SAJeA JoalIooU] -

‘9'g

‘90LA

aAlBA uonosf

-u1 N7 Jo/pue
9ZIN'ETIN J0/pue

ZL LA SOABA yiomadid
[0Jju0o aunssald pue sjusuodwos
SoAJeA aoe|dalt Jo 10 Buluoijouny uo S)es| Joj

N0 uea|o/lieday

1084100l 10 )oN)S

ua1sl| pue }osyd

EERNEREEEN]
/SYMHVIATY

AQ3INTY
/NOILNT0S

$3SNVvO

QOHLIN
/NOI12313a

1Invd
/AdNivd

WNOLdINAS
/INTT190¥d

NILSAS TVINHTIHL

ALIDVY NNNJOVA-OWYIHL INNIA3INI IHL HO4 1SI7 D9NILOOHS 319N04l

a31o1¥1s3ayd



Q3100141 s3d

oop'zlewlsyl :ou aji4

06 Jo ¢¢ abed L :3Anssl -00000-Nd41AN :oudo(Q
"OAJBA "OAJBA "9A|BA plous|os
piousjos soejdey as plousjos Ayne4 qL ‘Olpny qL jo Buuepeyo - gz
"uol}o8UU0D
Aosy "U01108UU0D 85007 - ‘Aejdsip olwnw
Uo $S0| ainssald
‘adid pabewep "SISION
Nes} Jiedoy ez /sing = e/ ‘olpny e/ Mesisegy - L | VINHONGY L
"CNT 01 ¢ND
‘aAoge ui Buiynsad weysAs
| joy -einssaud Jjeuwnsyl ul dosp
10 SS0| Jajoy ainssalid usppng
‘Ae|dsip
‘'sainjel o|WIW U0 pajealpul
-adwe} Bunesado Se phoJys
Mo| Je 90 LA ‘un 181000 91buis uo (2 .0.1-)
aAleA Jo Bumes sy ur ENT O ainjeladwel
WiNWIXew aonpey ‘P9 UOI}EZIWOIE 100 ‘P9 MO| @AISS89XT ‘P9 | "pnhoiyssyiuwCN] - ‘pg
SIONIYI4TY Ad3INTY AoHL3N 11nvd WOLdWWAS
/SHAVINTH /NOLLNTOS SIASNVYO /NOILD3L13a /AN /INTT190dd
WILSAS TVWIIHL

d3LoiLsay

ALITIOVE NNNJVA-OINYIHL INNIA3IN 3HL Y04 LSIT DNILOOHS 379Nn04.L




a3101d.1s3y
o0pZlewdayl :ou 94
~00000-W4LA ‘ou d0Q

05 Jo p¢ :abed l -aNssi

‘uone|nsui
"uolygnsul pafewep Jesu a9l "uoiiosloud
‘uorje|nsui Jiedoy ‘qg pabeweq ‘q'g BAISSB0X0 ‘|BNSIA ‘qe [ewliay} Jusiolnsuy| ‘q'g
‘S3adld
d0 SLN3N
'suofipuod -OdINOD
"uol}P’aUU0D Bunesado a3LlvyINsSNI
Anoay "UOJodULI0D 35007 pjoo Japun NO
YED| Jeau 89| NOILYNYOS
es| Jieday 'B'g ‘odid pebeweg 'B'Q DAISSD0Xa (|BNSIA ‘e'g ‘Yes| seo ‘B'Q I01 ‘8
"uej aouejeg "uey paouelequn -
‘Ssjuouodwon
"SHWI| uo uoisued
Bunesado eonpay -X9/U0I}0BIUOD
Jlledas pue [eway} ‘uey
Asse uej joedsu| 9/ 9AISSa0XT - 2/ ‘olpny 9°/ | UO 3aslou 8AISS8OX] 07/
SEIENEEEN] AQ3ININ QOHL13N 1Invd NOLdINAS
/SHEVYINTY /NOILNT108 S3ISNVYO /NOI1D3133a /3dN7Iv4d /N3T190dd
INTLSAS TVINYIHL

a3.Lod1s3d

ALV NNNJVA-OINHIHL INNIA3N 3HL Y04 1SI7 D9NILOOHS 319n04.L




Q3Lloldis3ay
oop'zZlewusyl :ou a4

06 Jo g¢ :abed L :3ANSSI -00000-N4LA :ou d0(Q
uoloauuod AJnoey - "UolIIo8UU0D 8S007] - 'Sano1o
‘odid pebewep "9|0Ao Bunesado HNoOdvYA
Yes|lledsy - ‘eQl /ising - ‘eol ‘lensin - “e’Ql [ploo Buunp Yee|sen - el d31LVAM 0L
"9sned Jledal o
pue jusuodwoo ‘Buipeopsng - Jnojon - -uing jusuodwos
psjoae Jojpue Buinoan awe|4 - 10 8|qed Jluo9s
almeoeldey - g6 Hoys jesljos|g - ‘as lsws - 'q'6 pue [edlos|3 - ‘g6

"8JeM]J0S / d Uo

Jaleay Jo) Bumes ‘doo|
‘Wnwixew aonpay - paso|a ul Moy}
sef psjejnounal
‘U819S 006-1LaX "SA ndjno
uo gidieseyd - ‘e’ | Itslesy psduejequn - ‘B’ aows/Buypws - e'H ‘uonelnsul buluing - ‘e's |STIINS AvE 6
S3ONIYI4TN AQ3INTH QOHL3N 1nv4 NOLdNAS
/SYMUVINTY /NOILNTOS S$3SNVO /NOILD313a IE:DRIVE! /N3IT190dd

W3LSAS TVINYTHL

ALITIOVA NNNOVA-OWHIHL WNIAIN IHL 904 1SIT DNILOOHS 3718N0Y.L

31011 s3y



03101183y

oop'ziewuay) :ou s[4

06 Jo g¢ :abed | -ANSSI -00000-Nd41A ‘oud0Qq
pJecqg uolinguisiq = ad
"Ja1aW JJOA
‘osnhj aoe|dey ‘'sasn) umolg uo Jojeojpul aseyd
"s)ney ‘Buninano poys ‘W3LSAS
[eoLoo)e Jleday /PBOJIBAQ "J03e|0s| paddu | IVINETIHL
40
‘Addns aseyd NOILVAILOY
‘Alddns 0U Jo Jo84100U| “J8JoW HoA gg "WI8IsAs [ewIsy} U3V
Jamod slojsay ezl "alnjie) Jamod ‘BZL U0 uUoi1e2IpUl ON ‘'zl | o1f|ddns jamod oN - ‘e'7) IMVYIS ON ZL
60LA R 90IA ‘CLIN BAlBA
SOAleA uoloalul Kjeses Jo Buluado
CNTYonls 00} ©d
"'SOAlBA Ajney Z1L LA @AjBA |01JU00 abneb sunssaid
2oe|dal 10 Jleday alnssaud ¥onig uo ainssaid Mosyon
'dOS.L urjun 'dOS1 ui jun
]0Jju09 aunssaid 'dosl |0J3U09 2inssaid
Ajney eor|dey ul Jun [oJjuoo uo aunssaid
“191)ddns 10B1U0D aunssald Ayne4 waisAs Yooy 60LA PUB 90 LA
SOAJeA uonoalul
‘(alempley ¢N1 Jo Buluado
10 alemyos) EETR snounds;pasisspun
joued jonuoo 006-7.L9X |sued "u22I9s 006 3O
urew uo [eubls |0JJUOD UlBW WO} -719X uo ainssaid ainjie} WalsAs IMNSSINd
108.100Ul 2J0)S9Y Bl jeubis 10a1100U] ell Wwia)sAs Yoayo el [oJjuoo aunssald - ‘el | JAISSTOXT L1
S3IONIHI43TN AQ3ININ dOH13n LInvd NOLdINAS
/SHYVYINTY /NOILNT0S S3ASNVYO /NOILO313a /Adn1iv4d /IN31804d
N31LSAS TVINETIHL

ALIDVYA INNNOVA-OWYIHL NNIA3N IHL HO4 LSIT ONILOOHS 319n04Y.L

d31011s3y



a3iLordls3ay
o0p°Zieulayl :ou a4
-00000-N41A ou d0Q

0§ Jo /¢ :abed } :3nssi

".8inssaid 10
SS07, - 9A0(QE | 0}
188l ‘s|geAslyoe
10U Wwiodles
ainssalud §| "ajoko
abund ajennoy

"aAleA soe|dal
fredey

Japiwisuel) 1 di
Jojo8)ep soelday .

"dDIN uo [eubis
1081100U] 210]1S8Y ,

Bunes
BA|BA 810}SaYy

‘lenuew sad
se Jojow |esuo9le
uej uonoadsu|

‘alnssald
WaIsAs JusIolnsuj

"9ABA Ayne4

“Japluisueln)
1di Ayned

"dOIN woly
|eubis joeu00U]

:Bumes
SAJBA 1081I00U]

(0 ,04<)
ainjesadwa) Jojow
UBJ 9AISS99X]

"ueaJ9s olWIwW

‘(aunssaud Ws)sAs

pue ainjesedwe)
Jojow ‘sBuies
aAjeA ‘Alddns

"Ajddns Ja1eMm ‘Aiddns uo pakeldsip Jalem Buijooo)
Buijooo aloisey ‘qzi Ja1em Buljooo oN - qzl eubis Bulwrepp - 'q'ZL AIIOE SO0Ia}u| qzL
PERINENEEEL] AQINTY AOHL3IN 11nv4d WOLdINAS
/SHUVINTN /NOLLNT0S SASNVI /NOILLO313Qa /AdNiv4 /NI190¥d
WILSAS TVINYIHL

J3LoIdLs3ay

ALITIOVL INNNJOVA-OINHIHL INNIA3IN 3HL 404 LSIT DNILOOHS 319N0YLl




d3a1or-1LsS3y

o0p'Zlewdayy :ou a4

06 Jo g¢ :abed | :ANssI -00000-N41A :oud0Q
‘S3dld
a3aLviINsSNI
'91BNJBAS-8Y WNNOVA NO
‘adid Jano ‘adid uo NOILVINYOA
eg| Jieday eyl JO Jauuj uo yea - eyl | Buiwio) 891 ‘[ensip Bl ‘WNNoeA Jo Ss0 - eyl I01 vi
“(ueoluyos |
payilenb Aq
auUop 8 03) "OSA "OSA usyouq "OSA U0 Jojediput
lleday/eoedey acl /pobeweqg - ael Q31 -lensip qel ‘Ane} oSA - agl
‘Asse
ue} Jo uoloeadsul ‘uey f)jne4 -
‘uonenus
peoaAo sjeuIwIie ‘poads "ONISV1d
0] SIBMYOS / uey jo sbuipes 28A NO
d uo Bumes yuy Hul| wnwixew "OSA Uuo Jojeolpul dO1VOIANI
wnwixew aonpay ‘B'CL oau00U] - ‘B'gL a3 ‘ensin ‘B¢l ‘UBJ UO PBOISAD - ‘B'E) aal si
REMNEREEE AQ3INTY AOHL3IN anvd WOLAINAS
/SHAVINIY /NOILNTOS S3ISNVO /NOILD313a /3dNiv4 /INIT190dd
W3LSAS TVINYTHL

a3aLold1s3ay

ALIIOV4 NNNJVA-OWHIHL INNIAIN FHL 404 1SI7 ONILOOHS 319n04.l




a3loldis3y
oop'zZlewssyyl :ou 9ji4

0S Jo 6¢ :abed l :3NssI -00000-N-LA :oud0(Q

apolg Bumwz b = g7t
Jajjonuo) pasds sjgeluep = 9SA
"PolBAIOE Wil
swdinbs CO [oA8] MO
uonosyoud "|assoA 1s9] pajil 56} "YASNVYN
Jeam o} sl1ojesado - ¢N jo Buiusdo - ‘Bale aNVv SS3N
}s8} Ul Joje2IpUl -12Z1a 32
eg| ‘BalE 159] Ul ZN uo uoneunu ‘Bale SNEINEEE]
Jledas pue sjgoo] - ‘e'gy Nes| CN oAISsoOXT - ‘B'gl -BJU00 CN Ajuep - B9l 1s91uI o Jodyoe - egl TANNOSYHId 91
‘S3dlid
Q3 LVvINSNI
WNNOVYA
'9)JenOBAS-9Y - "aqoud dway NO (0 .06<)
-adid Ja1no YyM asnsesll 1Vv3H
yeoldiedey - B'Gl 10 JouuUl Uo des] - ‘B'GL Jo puey Ag jeed - ‘B'GL "WINNJBA JO SSO7 - 'B'GL | JAISSIOXT SI
EEMIEEREL] AQINTH AOHL13NN Lnv4d INOLdINAS
/SHUVINTH /NOILNTTOS S3ASNVO /NOILD2313d 134NV /NTT190dd
W3ILSAS TVINHETAHL

ALITIOVd NNNOVA-OIWYIHL INNIA3IAN FHL HO4 1SI7 9NILOOHS 37aNn0d.L

J3alondis3ad



d3Loid1s3y
o0p°0OdL :ou 34
821-00000-W4LA ou 0@

0§ Jo 0¥ :abed L :3nssi

anleA soe|dey
19]|043u00 soeiday
d.ll soe|dey

pJieo soe|dey
Rejal soe|doy
Kejol soe|dey
asnj aoe|dey

BA[BA 410 10 9oe|dey

801 SAlBA

|043U00D |9A8| Yse|d
dll 60LA

pJed Z6ze 1Sd 01d
dol gl Aeey

dOW gz Aejey

¢ esnd

A)nel 60 LA 30 IND

dll 60LAIB YN ¥ <

dll 60LA 1B YW G'g>

dll 60LA 1B YW p<

601 SAlEA o Ind e OQA O

601 ®AlBA JjO 1n0 Je OQA O

601 SAlEA J0 o Je DQA O

601 8AlBA O In0 Je OCA O

601 SAIBA JJO 1N 1B DA +2

usdo 10U ||IIM B0 LA

[4

SAleA aoe|dey
Joj|ojuod soejday

dl| soejday

pJes eoe|day

ClL1L ®ABA

[04Ju0d ainssalid Jid

dli LA

¢éee 1sa od

dll ZLIA e YW p<

dlICLLA e YW G e>

dlICLLA B YW GE<

ClLL ®AleA 4o Ind e OQA O

Keja) soe|doy dol vl Aejpy - Z1LL SA[BA 4O N0 8 DOA O
Aejel aoe[doy dOW /Z eley - ZLL 9AIBA J0 10 J8 DA O
8sn) woN_Qwﬁ_ £Z 8shd, - CLL BAJBA JJO 1N2 Je QAN 0
IVOINLDT T
SAIBA JO Jn0 ap oe|doy AINey ZLLA WO IND - ZLL SAIBA 14O 0 1B DA b2 usdojou IMZLLA L l
CERIVEREREL JGEIED $3asnvo (S)QOH1IN 1Inv4 INOL1dINAS
/SNYVINTY /NOLLNT0S 319vaodd /NOILD313a /38N1iv4 /INF1904d

INIFLSAS NOILISINDJY V.Livad B T04LNOD NIVIN

ALNIRDVH ANNJVA-OWYIHL INNIATIN 3HL HO4 1SIT DNILOOHS 319N0YL

a3Lord1Ls3ay




Q31011 s3y
o0p'Oyl :ou 3|4
8¢1-00000-W4LA ou d0Q

06 Jo L :8bed L :3nssl

3AlBA 90B|daYy
pieo soejdey

d.li eoejday

pleo soe|dey

901 SAlEA

PIBO 20¥ YSV O71d

dil QLA

pJed gége 1sd O1d

dll SOLA Je Yllp<

dll 90LA Je ywg'e>

dll 8O0LA 18 VW<

AQ0L dAIBA 4O Ind J8 DA O

Kejol soe|doy dol z1 Kejoy 901 ABA JJO 30 1B DJA-O
Repol soe|doy dOW 6Z Aejey 901 @AJeA 4O JND 18 OAA O
ashy} soe|doy 1z asn4 901} ®ABA JJO 1IN0 1 DA O
SA[BA JJO Jn0 soe|dey 4 Ajne} goLA 4o 3n0 901 SAJBA JJO JN2 J8 DAA b2 Usdo jou |IiM QOLA ¥
BA|BA Y080 Gl SAIBA uo dwe| ainssaid 18AQ
aAeA aoe|doy Gl @Al_A dll GLLA Ye YWp<
pleo soejdey pJed Z0y ¥SY O71d dli GLIA Je ywge>
d.ll eoejdey dLlGLLA dlISLIA e YW ¥ <
pleo soejdey z6ze 1sa o1d Gl ®AIBA O In Y OQA O
Rejo1 soe|dey dOW LI Aejey GLL ®AlBA Jo 3o 38 DA O
asny) aoe|doy / @sh4 Gl ®AlBA 4O N0 3B DA O
SAJBA JJO Jn0 aoejday € Ayney GLLA 30 1D Gl 1 SAIBA J4O IND Je DAA +2 usdo jou M GLLA '€

S3ON3Y343d
/SAYVYINITY

AQ3NTH
/NOILNT0S

$3ISNVO
379vaoudd

(S)AOoHL3IW
/NOILD313a

1inv4d
/3dMivd

INOLdINAS
/INTT1904d

INJLSAS NOILISINDIV VY1vd B T04LNOD NIVIN

ALITIDVHd WNNDVA-OINYIHL NNIG3N 3HL Y404 1SI7 DNILOOHS 3719N04.l

a31oi1s3y




a3LO1¥1LS3y
20p'0Oyl :ouajig

06 Jo gy :abed Lanssi 821-00000-W41A :oud0(Q

Aejal soejdey d0| 8 Aejey Z eAleA e abeyjoa oN
Kejal soeldey dOWN LZ Ae@y Z ©AleA 1e abejjon oN
asny aoe|doy /L esng .C 9A|BA Je abeyjjon oN
ZA doe(dey Ayney ZA T eAleA Je OVA 022 usdo jou 1M ZA

pieo eoe|day

pied ¢6ze 1sa O1d

L SAleA je abe)joA oN

Kejal soe|dey doI 2 Kejey | 8AleA Je abejjon oN
Kejal soe|day dOW 0z Aejoy | 8AleA Je ebejjon oN
asn) sop|day gl pesn4 1 9AjeA 1e abe)oA ON
LA soe|day Ayney LA L @AlBA JB OVA 0CC uado jou jjim LA

pieo soe|day

pled geece 18a O1d

GZl SABA Y40 IND 1B OCJA O

fejal soe|dey dOW 0L Aejsy 9CL 9AleA JJond je 5JA O
asny soe|dey g esn4 9ZL Al_A JO 1IN0 18 DA O
SA|BA JJ0 JnD aoe|dey Ajney 9z LA 4o 1o SZL BAjeA 10 Ind Je DA Ve uado jou |m 9ZLA

pieo soe|day
Aejal aoe|day
asnj aoe|dey

SAJBA JJ0 N0 soe|dey

pled z6zZe 1SA Od
dOWN 6 Aejey
G asn4

AjIney €21 A 1o IND

€CL SAIBA JO IND jB OdA O
€C1 SA[BA O Ind 18 DOA O
€CL 9A[BA JJO N0 3B OOA O

ECL PAIBA JjO 1IN0 38 DJA ¥C

uado jou fiim £ZLA

S3ONIY343Y
/SOHHVIANITY

Ad3nad
/NOILLNT0S

$3SNVI
379va0Hd

(S)QOH13I
/NOILDJ313d

11nvd
/3dN1v4d

INOLdINAS
/IN3T30Ud

INJLSAS NOILISINOJV Y1Vad B T04LNOD NIVIA

ALIDVH NNNDVA-OIWYIHL INNIG3IN IHL Y04 LSI71 DNILOOHS 319n04.lL

a3Lodis3y




a3Loiyis3ay
J0p°'OYL :ouaid

06 jo ¢p :abed L :3NSSI 8¢1-00000-N4LAN :oud0Q

Aejal soe|day dOI 8 Aejey L1 ©AleA Je abejjon oN
ashj soe|dey ¥ esn4 L1 | ®AlBA e 8BE)0A ON

ZLA @oe|doy 4! Ayney LLLA 4! Ll 8AlBA TR OQA ¥T Tl | usdojou M LLLA 2L
pleo soejdey pied g6ce 1SA Od €01 oAleA Je 2bBE)(OA ON
Kejal1 soe|dey dOW Z Aejsy €01 8ABA Je sbejjon oN
ashj soejdey € asn4g €01 8AleA e abe)joA oN

L LA 90e|doy Ll Ajney €0LA Ll €0} @AleAJe OQA 2 Ll | usdojou|meQLA L
pied soejdey pJes zeze 1S 01d anjea ebind 1e abejjoa oN
Aejal ooe|dey dOWN ZL Aejey aAleA ebind je abejjoa oN
asny soejday g asn4g anjeA obind je sbeyjon oN

usdo

6/ 2oe|dey ol A}nej aAleA abiing oL aAleA sbind je DQA v2 0L | Joumaneasbing 0L
pieo soejdey pJes ZezZe 1sa O1d € 9AJeA Je abe)joA o
Aejal eoe|dey doOl 6 Aejay € 9AleA Je abe)joA ON
Kejal soe[dey dOWN ZZ Aejey € SAJBA Je 96R)J0A ON
asny soe|doy gl osn4 € aAleA Je abeyjon oN

v/ 9oe|doy Ayne) en 6 € 8Al_A 1B DVA 022 6 usdojou jiMEA 6
pleo soe|dey pleos geze 1Sd O1d Z 9AjeA je abeyjon oN

S30N3d3434 Ad3In3ad S3Isnvd (S)AOHL3IN 1Invd INOLdINAS
/SAHVYINTY /NOILLNT0S 37dvd04dd /NOILD313a /34N1Ivd /IN3T1904d
INTLSAS NOILISINOIV Y.ivad ® T04LNCO NIVIA

ALITIOVY4 WNNNDOVA-OWYIHL WNI3 IHL 904 LSIT DNILOOHS 319Nn0Y.L

a3a1oi1y1s3y




a3Loid1s3y
20p'0Odl :oudjl4

0§ Jo y¥ :abed 1 :dnssl 8C1-00000-N41A :ou 20Q

Aejal soe|doy dOW 61 Aejay 61 81Mm gL Ae@l 1B AO
asny aoe|dey ZlL asn4 /9 8lIM gl eshle AO
Aejol soe|doy dol € Aejey /9 8lm ¢ Aejal }e AO

Aejai aoe|dey 9l dOW 9l Aejey 9l 9l 8im g} Kejal e DAQ 9l | winjjou |im Emmc_u 9l
Iaxealq 100 1989y Ieyesiq 0o | dwon Hels jJou ssop Josssldwo)
PEO|IBAOD JoSaY duj peolarQ Hels jou saop Jossalduwion
i0joBIU0D Bok|doy Joyenuoo | dwog He]ls Jou ssop jossalduiorn

Aejol aoeidoy Gi dOW | Aejey Sl Hejs jou saop Jossaldwon GL | 10U M _owmmw_mrm_m.w Sl
J8Xealq 100 19say Ieyeaiq unouD ye)s jou seop ¢ duing
pEOLIBAD Josay duy peoperQ Hels jou seop ¢ duind
iojoeU00 soe|doy Jojoruo) pels jou saop ¢ dwing

Aejal soeidey T dOIN Z Aejey i He)s jou seop ¢ duing ¥l | unijou|mg QEMM il
loxealq 100 Josey Jeyeslq }noJ1D Hels jou saop g dwingd
PEOJIBAD J0S8Y duy peollsAQ He)s jJou ssop gz duingd
Jojoejuo soe|dey 10}0BU0D Hels jou seop z dwind

Kejal soejdey el dOIN € Aejey el Hejs Jou saop z duing €1 | wnoupme QEMM 1l
pled soejdey pied geze 150 Od LLI eAleA je eBejjoA oN

S3ION3IH3I43Y Ad3INZYH $3IsNvI (S)AoH.LIN L1nvd INOLdINAS
/SHIVINTY /NOILNTOS 378vd04d /NOILD3134 /3dN1vd /IN37904d
INJLSAS NOILISINDOV VY1vad B 104LNOD NIVIA

ALITIOVL NNNOJVA-OIWHIHL WNIGIN FHL 404 1SI7 DNILOOHS 379N0Y.l

a3loldis3ay




a3aLoiLs3y
o0p’'OdL rou 34
8¢1-00000-IN4LA fou d0Q

06 Jo G :abed L :3nssi

asnj eoe|day sashy jndu| A 08¢ SAIIP 10)sUAY) 01 DYAO

asny aoe|dey y1 osn4 69 81IM | 8SNhy 1B AQ

Ke[al soejdoy 401 § Aejey 68 81m G ABjal 1B AO

Kejal soe|dey dOWN g1 Aejay 8l a1m gL Aejal 1B AO

ashy aoejdey L1 @sn4 9g 81IM || asny e AQ

Aelal soe|dey dD| zZ Aejsy 99 allM Z Agjal 1B AO

Aejas soe|dey Ll dOW G Aejey Ll Sl aam gL Aejel jB AO Ll | uouwnjjoujimuesq [l

pleo soe(day pled gov ¥Sv Od juo Usjesy je ywg'e>

SALIp soe|day AP J0)sUAYL SALIP 10)S1IAY} 01 DA 08E

asny) aoejday sasny indu| A 08¢ SALP 10}s1IAU} O} DVYAO

ashy soe|doy ol Gl asn4 ol 0/ @lIm G| asny e Aejal AO oL | uinyiou|m _wpmmﬁ 9l

Aejel soe|doy d90i g Aejgy 0/ 81im g Aejal je AO
S3ON3Y343d AdINTH $3ISNVI (S)AOH13w 1Inv4d WOLdINAS
/SHdVYINTY /NOILNT0S 31avaodd /NOILD313q /34Nvd /IN37904d

IN3ILSAS NOILISINDIVY V.LVA B 104LNOD NIiVIA

ALITIOV4 INNNJDVYA-OINYIHL WNIA3IN IHL HO4 LSIT DNILOOHS 379n0Y.lL

Q3Lold.Ls3yd




Q31011 s3ad
20p'Odl :ou 84
821-00000-IN4LA :ou 30Q

05 Jo 9y :abed } :3nssl

dwind
ashy aoe|day 6 osn4 wiaymop e abejjon oN

dwind
asnj soe|day L ash4 waymop e sbeyjjon oN

dwnd
Aejal eor|day dDOW €1 Aejey wileymop je aBey)joA oN

dwind yels
Aejal soe|day 6} dOW § Aejpy 6l wiieymop 1e afiejon oN 6l jou |m dwind mog 6l
p.e2 soe|dey PJED Z20¥ ¥SVY O1d [Jud Jajesy je yws'e>
aALp aorjday SALIP 10}SIIAY Y. BALIP 103S1IAY) 01 DVA 08E
asnj soejdey sasny indu| A 08e BALIP 101SLAYL O DYAOD
asnj soejday €1 ash4 89 aliM gL asnl 18 AO
Aejal soe|day dol v Aeey 80 alm ¢ Aejal 18 AO
Kejal soe|dey dON 21 Aejey Ll aim ) Aeppiie AO
ash} aoe|day 0l @sn4 Gg 8lIM QL 8sn) 1. AQ
Aejal soe|day dot L Adjley GO alim | ABjal }8 AO

uo uny
Aejal soe|doy 8l dOW ¥1 Aejey 8l vl 2lm | Aejal e AQ 8l | jou|umisjeay mog 8l
pJeo soe|dey pled 2oy ¥Sv O1d [uo ued je yuwg'e>
BALIp soe|day 3AlIp JOISLAY L BALIP 101SAU} 01 DVA 08
S3ON3H343d AQ3N3d S3AsSNvd {SlaoHLaw 11Nnvd INOLdINAS
/SOAHVYINTY /NOILNTOS 371ava04d /NOILD313a /3dN1Iv4 /INFT1904d
INALSAS NOILISINDOV Y.LVA B T04LNOD NIVIA

ALITIOVd NNNJOVA-OINYIHL INNIA3IANI IHL HO4 1S17 DNILOOHS 371aNn0d.L

a3Loldls3y




a3Loiyis3d
0p'0dL :ou 34

0G Jo /v :ebed L :Anssi 821-00000-Nd1A -ou 30Q
salnhieledwe) pesp
lo}e|os| Josey vz duy Jojejos| vz wa)sAs wieymoq ¥z we)sAs wisymoq vz
uo JoUIgeD YoUMS 10 youms Jsuiqe) seinjeladws) wejsAs jewlsy ]
10}e|0S| 1858y £z duy soiejos| €z | seinjesadws) we)sAs jewliay| €C | pesp uej pue Jsjesy €7
pesp
Ioyeslq 100 Jos8y zZ diyy 19yesiq 100 2z powLIo) SI WNNOBA ON 2 SOA[BA WNNJBA jIY 22
pesp
}0381100 pUE 89)e007 \Z HN2JI0 JoyYs DAA v2 14 uo s,a37 ywl juslino Nsd 34 SBAIBA leWIBUL |IY LT
dil) peolIsAC Jesay peo|IsAC JalInNg uo dwe| Joie)by
10}0BJUOD 8oe|day 10)OBJU0D 18IS uo dwej Jojeyby
asnj soe|dey Z asn4 J03eybe 1e abejjoA ON
s)eybe
Kejal soe|day 0z dO 9 Aejsy 0z jojelbe je abe)oa oN 0z jou ||M Jauns mog 02
di} peojieAc Jasay peolisao duing uo dwej duy dwing
iojoejuoo aoe|dey Jojoeju09 duwing uo dwe| diuj duing
dwnd
Kejal sor|dey |JuD moQq g Aejey wisymop je ebe)joa oN
dwnd
Aejal aoejdey o MmoQ | Aejey wilsymop 1e abeyon oN
S3ON3H343y Ad3NEY $3ISNvd (S)AOH.LIN 11nv4d INOL1dINAS
/SYMHVINTY /NOILNT0S 378va04dd /NOILD3L3a /3dNiv4 /IN37904d
IN3LSAS NOILISINDIVY Yivdad B T04LNOJ NIVIN

ALITIDV4 NNNJVA-OWHIHL NNIA3IN 3HL Y04 1SI17 DNILOOHS 371an04l

a3aloldLs3y




a3aLoLs3a
20p'0Odl -ou 4
821-00000-N4LA :oud0Q

0G J0 gy :abed I :3nssl

0d 0} OVA 02T A°84UD
Ja|ddns j0B1U0D
Joljddns Joe1u0D

Jaiiddns j0B1U0D

Buissiw QYA 0ze
Buissiw wWod puewwio)

pJeo J9||oJju0d Od

dn 18s SOWD Od

4o usalos Aejdsig
uo usalos Aeidsig
uo usalos Aejdsig

uo usalos Ae|dsi(

Js1jdns yorjuOD 8z nsd od 8z uo useaios Aejdsig 8z jooq Jou ssop Od 82
Ielddns joe)U0D uo s,g317271d ©N welsAs woly asuodsal oN
O7d 01 DYA 02¢ 184D uo 5,037 071d ON weyshs woly esuodsal oN
Alddns
Jemod Dd dMepay)D uo $,0317 214 ©N wesAs woly asuodsal oN
|oued jucl) uo 91d Jesey 1C uo @37 .AFN. O1d LC we)sAs wol asuodsal oN yxé pesp O1d L2
19)jddns JoBIU0D uo 31 Aemiel D1d s|euiwa) uo abessaul Jo3
1s11ddns joB1U0D 10142 alempieH s|eujwie) uo abessow Joug
s|eujwls}
8|qe0 Yo8YD oz yne} s|qen 9z s|eulwIs) uo abesssw lolg oz | AlgGx orelepdnoN 92
abeyjon peep sdwnd
aseyd AQBE Yo8/UD [ord BAIOB JEA oY psuWiio) S1 WNNOBA ON oY pue tossaidwoy 62
salhjeladal
uo JouIged Youms 110 YyoUMS J8UIgeD wissAs wisymoQq
S3ON3Y343d AQ3NTd $3IsSNvd (S)YAOHL3n 11nvd INOLdINAS
/SYOHYINTY /NOILNT0S 319v4d04d /NOILD313a /3dN1ivd /IN3T13804d

INFLSAS NOILISINDOV V1vad 2 T04d.1NOD NIVIA

ALITIOVY4 NNNOVYA-OINYIHL INNIAIIN FHL HO4 1SI17 ONILOOHS 379Nn0d.l

a31o1d.Ls3d




Q31011 s3d _
OOQ'INHIHLIMOT N4ILA :ou 3jid

06 jo 6 :abed I INSSI 821-00000-Wd4dLA :oud0Q
‘loued |041u00 |joued SIHNL
ulew sy uo eubls [0JJUOD Ulew WwioJ) ‘SLLA Paso|o ‘Bumas e ErEN
o8l00Ul 2101SeyY - O'¥ jeubis 108.1100U| - ay 80 0} 9AIBA Y28YD qy SAJBA 1081100U| av 31Y1d
IVINEZHL
‘sinoy 40
¢ 10} 0,001 1€ dn ASNOdS3
urejulew pue ojoAo peot Jey) waisAs IN3IOI44NS
buneay oyeiu] - ey syjutamisiony - ey a|gelosjepun e’y | (991) sedid payoolg By | -NI YO ON
JdNL
‘anjeA 90eld (SLLA) @injiey ue} sy} -vd3adiNal
-al 1o 18sal/leday - SABA 10BIIUOD - apisul (Wiaymoq) MO
pinj} &yl jo HOV3Y LON
Aiessaoal Ji Jou aleld jeuniay} sS304a ain4
Jreda) pue ‘jeubis jeubis ay} uo doup ainjiey} IYWHIHL
[oUoD aYIosYDy - B¢ ]j0J1u09 Ajjhed - eg ainjesadwa)l oN e wiaisAs Buijoon e -MOd
Alesssooau JI
Jledal pue ‘|eubis jeubis
jouoo sy joeyy - joJjuo0 Ajne4 -
JdNL
"Aiessaoau | -Yd3adiNgl
Jiedal pue Aiddns HOIH
Jomod [eoljo9|9 "ain|ie) A|ddns ‘a)e|d |ewayl ay) HOV3IY 1ON
ayIdoeyp - Jemod [eoLjo9|3 - Uuo Jo juejway} s3oa ainid
"Juswiale lejesy aJlnjie} -moq 8y} ut asi IVINSEHL
ayi eopdeynieday -  eZ Juswiaje JajeaH - ez ainjesadwa) oN ez alnjie) Hun Js)eal ez -AMOQa
BELER
(s)yes| sy usado ‘uonoadsul [ensip ‘(Jiomadid Jo s1eid WYaIH1IAMOd
10 abewep |ein} (s)yes| aie - "waymop [ewusyl) welisAs 40 9NId
-onjseyliedey - | ainjie} [eJnonis - ey oy} jo buljjows e} | uled| jeullaymmog Bl | -dOdA 1Lsvd
SAONIYI4TY AQINTH QOHL3N 1Invd NOLdINAS
/SHUVYINTY /NOILNTTOS S3ASNVO /NO1LDO3L13da /Adnivd /N3T790¥d
N3LSAS NYIHLMOA
ALITIOV4A INAND'T DINYIHL I9¥VT IHL H0d LSIT ONI ‘HS 3719N0d.L




3101 s3 _
O0Q'WHIHLAMOA N4dILA :ou 8jid

06 Jo 0G :abed I -3ANsSsI 821-00000-W4dLA :ou 0@

vadv
(s)es| ay} uado "(s)es) ONIMHOM
10 abewep |einy (s)yes] sleT] Aue 109919p 0) Yiomadid ay) NI T13NS
-onJis ay} Jiedey e'g aJn|ie} [RINONAS eg uonoadsul |ensip e'g ul yes| wisymoq e's | WYIHIAMOA

aAJBA UBMOI] BAlBA USY0I(]

/pebewep soejday Jo pabeweq

‘uonisod 10981109 SaA[eA [ENUBW JO

01 8A[BA 1SNipY ay uonisod 1991102U| ay
SERNENEEE]] AQ3INTA QOHL3IN 1nv4 WOLdINAS
/SHUVIATY /NOILNT10S 83ASNVO /NOILD3L3AA /Adnivd /NIT90dd
WN3LSAS WIIHLIMOGA

ALITIOV4 WNND*

JNYIHL 398V FHL J0Od 1SIT7 ON!

‘HS 379N0O¥L




RESTRICTED IST

SECTION 6
DOCUMENTATION REFERENCE INDEX

1. INTRODUCTION

This section provides a quick reference documentation index, of all the catalogues as refered to in
this manual. These catalogues are associated with the detail description, operation and maintenance
of the individual components in subsystems of the Medium Thermo-Vacuum Facility.
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